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TEXAS 
INSTRUMENTS 


IMPORTANT NOTICE 


Texas Instruments Incorporated (Tl) reserves the right to make changes to its 
products or to discontinue any semiconductor product or service without notice, 
and advises its customers to obtain the latest version of relevant information to 
verify, before placing orders, that the information being relied on is current. 


Tl warrants performance of its semiconductor products and related software to 
current specifications in accordance with Tl’s standard warranty. Testing and 
other quality control techniques are utilized to the extent Tl deems necessary to 
support this warranty. Specific testing of all parameters of each device is not 
necessarily performed, except those mandated by government requirements. 


Please be aware that Tl products are not intended for use in life-support 
appliances, devices, or systems. Use of TI product in such applications requires 
the written approval of the appropriate TI officer. Certain applications using 
semiconductor devices may involve potential risks of personal injury, property 
damage, or loss of life. In order to minimize these risks, adequate design and 
operating safeguards should be provided by the customer to minimize inherent 
or procedural hazards. Inclusion of Tl products in such applications is understood 
to be fully at the risk of the customer using TI devices or systems. 


Tl assumes no liability for applications assistance, customer product design, 
software performance, or infringement of patents or services described herein. 
Nor does Tl warrant or represent that any license, either express or implied, is 
granted under any patent right, copyright, mask work right, or other intellectual 
property right of Tl covering or relating to any combination, machine, or process 
in which such semiconductor products or services might be or are used. 


Copyright © 1992, Texas Instruments Incorporated 
Printed in the U.S.A. 


INTRODUCTION 


Texas Instruments Military Linear program offers high-reliability integrated circuits covering 
a wide product spectrum. These devices are manufactured using various process 
technologies including traditional bipolar, BIDFET™, BIFET, IMPACT™, LinCMOS™, 
Advanced LinCMOS™, and Excalibur. 


This data book provides data sheets on the following military Advanced Linear products: 


¢ Operational Amplifiers 

« Analog-to-Digital (ADC) Converters 

¢ Digital-to-Analog (DAC) Converters 

- Analog Interface (AIC) for Digital Signal Converters 
- Voltage Regulator and Supervisor Circuits 

¢ Liquid Crystal Display Drivers 


In addition, a selection guide is included that covers the entire military linear product line. 
The alphanumeric listing in the Index/Baseline section of this data book also includes all 
military linear devices and references the most current data sheet. Data sheets not provided 
in this data book are available from your nearest TI field sales office, local authorized TI 
distributor, or by inquiring directly to: 


Texas Instruments Incorporated 
Literature Response Center 
P.O. Box 809066 

Dallas, Texas 75380-9066 
214— 995-6611 


Standard process flows include JM38510 (JANB), Standard Military Drawings (SMD), and 
JEDEC Publication 101 Class B (SNJ and B). Standard processing options provide the user 
with a broad selection of high-quality, high-reliability, standard and advanced technology 
products. These flows are backed by a comprehensive quality conformance program 
summarized in the Military Products Reliability Report, literature #SGYKO004. 


BIDFET, IMPACT, LinCMOS, and Advanced LinCMOS are trademarks of Texas Instruments Incorporated. 
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MILITARY PRODUCTS 


INDEX/BASELINE 


PRODUCT 
NUMBER DATA BOOK/DATA SHEET 


AD7524M 
AD7528M 
ADCO808M 
AM26LS32AM 
AM26LS33AM 
LM101A 
LM108 
LM108A 
LM111 
LM118 
LM124A 
LM124 
LM139A 
LM139 
LM148 
LM158 
LM193 
LT1007AM 
LT1007M 
LT1009M 
LT1013AM 
LT1013M 
LT1014AM 
LT1014M 
LT1037AM 
LT1037M 
MC1558 
MC3550 
MC3552 
MC3553 
OP27A 
OP27C 
OP37A 
OP37C 
RM4136 
RM4558 
RM4559 
SE5534 
SES555 
SE556 
SE592 
SN55107A 
SN55107B 
SN55108A 
SN55108B 
SN55109A 
SN55110A 
SN55111 


AD7524M DATA SHEET, SEPTEMBER 1989 
AD7528M DATA SHEET, SEPTEMBER 1989 
LINEAR CIRCUITS DATA BOOK, VOL 2, 1992 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LM118 DATA SHEET, SEPTEMBER 1990 
LM124A DATA SHEET, JULY 1991 

LM124 DATA SHEET, JULY 1991 

LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LM158 DATA SHEET, JULY 1991 

LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LT1013AM DATA SHEET, APRIL 1991 
LT1013M DATA SHEET, APRIL 1991 
LT1014AM DATA SHEET, MARCH 1991 
LT1014M DATA SHEET, MARCH 1991 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
RM4559 DATA SHEET, DECEMBER 1988 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
INTERFACE CIRCUITS DATA OBOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 


seer ues 
DOCUMENT 


SGLS028 
SGLS027 
SLYDO04A 
SLYDO06 
SLYDO06 
SLYDO03A 
SLYDO03A 
SLYD003A 
SLYDO05A 
SLOS063 
SLOSO66A 
SLOSO66A 
SLYDOO5A 
SLYDOO5A 
SLYDO03A 
SLOSO68 
SLYDOO5A 
SLYDO03A 
SLYDO03A 
SLYDOO5A 
SLOS040A 
SLOSO040A 
SLOSO039A 
SLOS039A 
SLYDO03A 
SLYDO03A 
SLYDO03A 
SLYDO06 
SLYDO06 
SLYS006 
SLYDO03A 
SLYDO03A 
SLYDO03A 
SLYDO03A 
SLYDO03A 
SLYDO03A 
SGLS020 
SLYDO03A 
SLYDOO5A 
SLYDO05A 
SLYDOO05A 
SLYDO006 
SLYDO06 
SLYDO006 
SLYDO006 
SLYDO006 
SLYDO006 
SLYDO06 


SECTION 
& PAGE 
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MILITARY PRODUCTS 
INDEX/BASELINE 


TI 
PRODUCT SECTION 
DATA BOOK/DATA SHEET REFERENCE 
eae baraooKmarasieer DOCUMENT | & PAGE 


SN55113 
SN55114 
SN55115 
SN55116 
SN55121 
SN55122 
SN55138 
SN55173 
SN55182 
SN55183 
SN55188 
SN55189 


SN55461 
SN55462 
SN55463 
SN55464 


SN55551 
SN55552 
SN55553 
SN55554 


TLO22M 
TLO27M 
TLO31M 
TLO32M 
TLO34M 


SN55189A 
SN55451B 
SN55452B 
SN55453B 
SN55454B 


SN55500E 
SN55501E 


SN55563A 
SN55564A 
SN553491 
SN553492 
SN55ALS056 
SN55ALS057 
SN55ALS160 
SN55ALS 161 
SN55ALS192 
SN55ALS194 
SN55ALS195 
SN95176B 
SNJ557202E 
SNJ557206 
TCM29C13AM 
TCM29C14AM 


INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
MILITARY LINEAR DATA BOOK, 1992 

MILITARY LINEAR DATA BOOK, 1992 

INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
INTERFACE CIRCUITS DATA BOOK, 1991 
MILITARY LINEAR DATA BOOK, 1992 

MILITARY LINEAR DATA BOOK, 1992 

MILITARY LINEAR DATA BOOK, 1992 

MILITARY LINEAR DATA BOOK, 1992 

LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 


SLYDO06 
SLYDO06 
SLYDO006 
SLYDO006 
SLYD006 
SLYDO06 
SLYDO006 
SLYD006 
SLYD006 
SLYDO006 
SLYDO006 
SLYDO06 
SLYDO006 
SLYDO06 
SLYDO06 
SLYDO006 
SLYDO06 
SLYDO06 
SLYD006 
SLYDO06 
SLYDO006 
SLYDO006 
SLYDO06 
SLYDO06 
SLYDO006 
SLYDO06 
SLYDO06 
SLYDO06 
SLYDO06 
SGLDO001 
SGLDO001 
SLYDO06 
SLYDO006 
SLYDO006 

SLYD006 

SLYDO06 

SLYDO006 

SLYDO006 

SLYDO006 

SGLDO001 

SGLDO001 

SGLDO001 

SGLDO001 

SLYDO03A 
SLYDOO5A 
SLYDO03A 
SLYDO03A 
SLYDO03A 
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MILITARY PRODUCTS 
_ INDEX/BASELINE 


TI 
PRODUCT SECTION 
DATA BOOK/DATA SHEET REFERENCE 
ree | nme pocumENT | & PAGE 


TLO44M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO51M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO52M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO54M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO61M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO62M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO64M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO71M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYD003A 
TLO72M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO74M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO81M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO82M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLO84M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYD003A 
TL288M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TL431M LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 SLYDO05A 
TL441AM LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 SLYDOO5A 
TL494M LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 SLYDOO5A 
TL598M MILITARY LINEAR DATA BOOK, 1992 SGLDO001 
TL751M05M MILITARY LINEAR DATA BOOK, 1992 SGLDO01 
TL751M12M MILITARY LINEAR DATA BOOK, 1992 SGLDO001 


TL7702BM MILITARY LINEAR DATA BOOK, 1992 SGLDO01 

TL7705BM MILITARY LINEAR DATA BOOK, 1992 SGLD001 

TL7770M MILITARY LINEAR DATA BOOK, 1992 SGLD001 

TLCO4M LINEAR CIRCUITS DATA BOOK, VOL 2, 1992 SLYDO04A 
TLC139M TLC139M DATA SHEET, OCTOBER 1990 SLNSO18B 
TLC193M LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 SLYDOO5A 
TLC271AM LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLOC271M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLC272M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLC274M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLC277M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLC279M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLC27L2M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 
TLC27L4M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 


SLYDO03A 
SLYDO03A 
SLYDO003A 
SLYD003A 
SLYDO03A 
SLYDO03A 
SLYDOO5A 
SLYDOO5A 
SLYD004A 
SLYDO04A 
SLYD004A 
SLYDOO5A 
SLYDOO5A 
SGLDO001 


LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 2, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 2, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 2, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
MILITARY LINEAR DATA BOOK, 1992 


TLC27L7M 
TLC27L9M 
TLC27M2M 
TLC27M4M 
TLC27M7M 
TLC27M9M 
TLC372M 
TLC374M 
TLC540M 
TLC548M 
TLC549M 
TLC555M 
TLC556M 
TLC1225M 
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MILITARY PRODUCTS 


INDEX/BASELINE 
PRODUCT DATA BOOK/DATA SHEET REFERENCE. (SECTION 
NUMBER SOCUMENT | & PAGE 


TLC1541M LINEAR CIRCUITS DATA BOOK, VOL 2, 1992 SLYDO04A 


TLC2201AM 
TLC2201M 
TLC2202AM 
TLCO2202 
TLC2652AM 
TLC2652M 
TLC2654AM 
TLC2654M 
TLC3702M 
TLC3704M 
TLC5502-5M 
TLC5602M 
TLC32040M 
TLC32044M 
TLE2021AM 
TLE2021BM 
TLE2021M 
TLE2022AM 
TLE2022BM 
TLE2024AM 
TLE2024BM 
TLE2024M 
TLE2027AM 
TLE2027M 
TLE2037AM 
TLE2037M 
TLE2061AM 
TLE2061BM 
TLE2061M 
TLE2062AM 
TLE2062M 
TLE2064AM 
TLE2064M 
TLE2082AM 
TLE2082M 
TLE2082Y 
TLE2141AM 
TLE2141M 
TLE2141Y 
TLE2142AM 
TLE2142M 
TLE2142Y 
TLE2144AM 
TLE2144M 
TLE2161AM 
TLE2161BM 
TLE2161M 


MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 


LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 
LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 


MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 
MILITARY LINEAR DATA BOOK, 1992 


SGLDOO1 
SGLDO01 
SGLDOO1 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDOO01 
SLYDOO5A 
SLYDOO5A 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDOO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO001 
SGLDO001 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO001 
SGLDOO1 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO001 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
SGLDO01 
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MILITARY PRODUCTS 
 INDEX/BASELINE 


Ti 
PRODUCT SECTION 
DATA BOOK/DATA SHEET REFERENCE 
eee | ataooKmarasieer DOCUMENT & PAGE 


TLE2425M MILITARY LINEAR DATA BOOK, 1992 SGLDO001 4-525 


TLE2425Y MILITARY LINEAR DATA BOOK, 1992 SGLDO001 4-525 
TLE2426M MILITARY LINEAR DATA BOOK, 1992 SGLDO01 4-539 
TLE2426Y MILITARY LINEAR DATA BOOK, 1992 SGLDO01 4-539 
TPIC2406M MILITARY LINEAR DATA BOOK, 1992 SGLD001 4-555 


uA723M LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 SLYDOO05A 2-417 
uA733M LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 SLYDOO5A 4-165 
uA741M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 2—1305 
uA747M LINEAR CIRCUITS DATA BOOK, VOL 1, 1992 SLYDO03A 2-1313 
uA747-1M LINEAR CIRCUITS DATA BOOK, 2ND ED, 1980 —_ 177 
uA78M05M LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 SLYDOO5A 2-447 
uA78M12M LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 SLYDOO05A 2-447 
uA79M05M LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 SLYDOO5A 2-465 
uA79M12M LINEAR CIRCUITS DATA BOOK, VOL 3, 1992 SLYDOO5A 2-465 
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ALTERNATE SOURCE DIRECTORY 


ANALOG TI DIRECT Ti CLOSEST 
AD509 LM118 Reduced Vi9 

AD521 TLE2021M Lower drift, lower consumption 
AD524 TLE2021BM Lower drift, lower consumption 
AD542 TLE2027M Wider GBW, better punch 
AD544 TLO71M Better slew rate and GBW 
AD547 TLE2021AM Lower drift, lower consumption 
AD548 TLE2021M Lower drift, lower consumption 
AD549 TLE2652M Reduced Vi9 

AD558 AD7528M Faster, reduced dissipation 
AD570 TL549M Faster, better precision 

AD571 TLC1541M Faster, lower dissipation 
AD573 TLC548M Better precision 

AD580 LT1009M Lower temperature drift 
AD640 TL441AM Built-in temperature compensation 
AD642 TLE2227M Wider GBW, better punch 
AD644 TLO72M Better slew rate and GBW 
AD647 TLE2022AM Lower drift, lower consumption 
AD648 TLE2022M Lower drift, lower consumption 
AD670 TL549M Lower dissipation 

AD673 TLC1541M Lower dissipation 

AD674A TLC1225AM Lower drift, lower dissipation 
AD707 TLE2037M Lower drift, wider GBW 
AD708 TLE2237M Lower drift, wider GBW 

AD711 TLO51M Better slew rate 

AD712 TLO52M Better slew rate 

AD713 TLO54M Lower consumption 

AD741 TLE2061M Lower consumption, lower drift 
AD7524 AD7524M 

AD7528 AD7528M 

AD7574 TLC540M Lower consumption 

AD7576 TLC540M Better precision 

AD7578 TLC1225M Faster 

AD9048 TLC5502M Faster, lower consumption 
ADOP-27 

ADOP-37 


ANALOG Ti 
PACKAGES PACKAGES ace 


D, DH Side brazed 

F Flat packs 

Q CDIP 

E Leadless chip carriers 
G Pin grid array 
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ALTERNATE SOURCE DIRECTORY 


AMD TI DIRECT Tl CLOSEST 
AM1558 MC1558 

AM193 LM193 

AM26LS32 AM26LS32AM 

AM26LS33 AM26LS33AM 

AM55107B SN55107B 

AM55108B SN55108B 

AM55109 SN55109A 

AM55110 SN55110A 

AM723 uA723M 

AM741 uA741M 

AM747 uA747M 

AM7820A SN55182 

AM7830 SN55183 

AM9614 SN55114 

AM9615 SN55115 

LF111 LM111 

LM111 LM111 

LM139 LM139 TLC139M Low power 
LM139A LM139A TLC139M Low power 
LM148 LM148 

uA26LS32 AM26LS32AM 

uA96173 SN55173 


AMD Tl 
PACKAGES PACKAGES rns 
JD 


Side brazed 

Flat packs 

CDIP 

Leadless chip carriers 
Pin grid array 


FAIRCHILD Tl DIRECT TI CLOSEST 
55107A SN55107A 

55107B SN55107B 

55108A SN55108A 

55108B SN55108B 

55109 SN55109A 

55110A SN55110A 

55121 SN55121 

55122 SN55122 

95207 SN55107A 
55208 SN55108A 
55451A SN55451B 

55451B SN55451B 

55452A SN55452B 

55452B SN55452B 

55453A SN55453B 


TEXAS vg 
INSTRUMENTS 
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ALTERNATE SOURCE DIRECTORY 


FAIRCHILD 
DEVICES 
(Continued) 


TI DIRECT 
REPLACEMENT 


Ti CLOSEST 


55454A 
55454B 
55461 
55462 
55463 
55464 

723 

733 

741 

747 
78M05 
78M12 
823A 
9614 

9615 

9621 
uA101 
uA101A 
uA108 
uA108A 
uA111 
uA124 
uA139 
uA139A 
uA148 
uA1488 
uA1489 
uA1489A 
uA1558 
uA193 
uA193A 
uA4136 
uA431 
uA494 
uA55107A 
uA55107B 
uA55108A 
uA55108B 
uA55109 
uA55110A 
uA55121 
uA55122 
uA55207 
uA55208 
uA55451A 
uA55451B 
uA55452A 


SN55454B 
SN55454B 
SN55461 
SN55462 
SN55463 
SN55464 
uA723M 
uA733M 
uA741M 
uA747M 
uA78M05M 
uA78M12M 


SN55114 
SN55115 


LM101A 
LM101A 
LM108 
LM108A 
LM111 
LM124 
LM139 
LM139A 
LM148 


MC1558 
LM193 
LM193 
RM4136 
TL431M 


.| TL494M 


SN55107A 
SN55107B 
SN55108A 
SN55108B 


SN55110A 


SN55121 
SN55122 


SN55451B 


REPLACEMENT Ti ADVANTAGE 


uA723M 


SN55108A 


SN55188 
SN55189 
SN55189A 


SN55109A 


SN55107A 
SN55108A 
SN55451B 


SN55452B 


TEXAS wy 


INSTRUMENTS 
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ALTERNATE SOURCE DIRECTORY 


FAIRCHILD 
DEVICES 

(Continued) 
uA55452B 
uA55453A 
uA55453B 
uA55454A 
uA55454B 
uA55461 
uA55462 
uA55463 
uA55464 
uA555 
uA556 
uA722 
uA723 
uA733 
uA741 
uA747 
uA747A 
uA747-1 
uA771 
uA772 
uA774 
uA78M05 
uA78M12 
uA79M05 
uA79M12 
uA8T13 
uA8T 14 
uA9614 
uA9615 
uA9621 
uAF 111 
uAF155 
uAF156 
uAF355 
uAF356 
uAF771 


Ti DIRECT 
REPLACEMENT 


TI CLOSEST 
REPLACEMENT 


Ti ADVANTAGE 


TEXAS 4% 
INSTRUMENTS 
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SN55452B 


SN55453B 


SN55453B 


SN55454B 


SN55454B 
SN55461 
SN55462 
SN55463 
SN55464 
SE555 
SE556 


TLO82M 


uA723M 
uA733M 
uA741M 
uA747M 
uA747M 
uA747-1M 
TLO81M 


TLO71M 
TLO72M 
TLO74M 


uA78M05M 
uA78M12M 
uA79M05M 
uA79M12M 
SN55121 
SN55122 
SN55114 
SN55115 


SN55108A 


LM111 
TLO81M 
TLO71M 


TLO81M 
TLO71M 


TLO81M, 
TLO71M 
TLO82M, 
TLO72M 


uAF772 


UuAF772A 
uAF774 


TLO84M, 
TLO74M 


ALTERNATE SOURCE DIRECTORY 


FAIRCHILD | TI 
PACKAGES oes COMMENTS 


Side brazed 


Flat packs 

CDIP 

Leadless chip carriers 
Pin grid array 


HARRIS TI DIRECT Ti CLOSEST 

HA-2500 LM118 Higher slew rate } 
HA-2502 LM118 Higher slew rate 
HA-2510 LM118 Higher slew rate 
HA-2512 LM118 Higher slew rate 
HA-2520 LM118 
HA-2522 LM118 
HA-2600 TLE2027M 
HA-2602 TLE2027M 
HA-4741 RM4136 

HA-4902 TLC374M 
HA-5101 TLO81M 
HA-5102 TLO82M 
HA-5102 MC1558 
HA-5102 TLO72M 
HA-5104 TLO74M 


Reduced Vio 
Reduced Vi9 


Reduced lip 
Higher slew rate 
Higher slew rate 


Higher slew rate 
Higher slew rate 


HA-5104 TLO84M Higher slew rate 
HA-5127 OP27A Lower consumption 
HA-5134 TLE2024BM Higher slew rate 
HA-5137 OP37A Lower consumption 


TLO61M 
TLO62M 
TLO22M 
TLO64M 
TLO44M 
OP37A 
TLO61M 
TLO62M 
TLO64M 
TLC2652M 
TLE2161M 
TLCO1225M 
TLC1225M 


HA-5141 
HA-5142 
HA-5142 
HA-5144 
HA-5144 
HA-5147 
HA-5151 
HA-5152 
HA-5154 
HA-5177 
HA-5180 
HI-574 
HI-674 


Lower consumption 


Lower consumption 
Higher slew rate 
Faster conversion 
Faster conversion 


HI-774 TLC1225M Faster conversion 
HARRIS 
PACKAGES PACKAGES CUMEEN 

Side brazed 


Flat packs 
CDIP 
Leadless chip carriers 


Pin grid array 
EXAS wy 
INSTRUMENTS 
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ALTERNATE SOURCE DIRECTORY 


LINEAR 
TECHNOLOGY 
DEVICES 


Ti DIRECT 
REPLACEMENT 


TI CLOSEST 


REPLACEMENT TI ADVANTAGE 


LM101A 
LM108 
LM108A 
LM111 
LM118 
LT1007AM 
LT1007M 
LT1009M 
LT1011M 
LT1013M 
LT1014M 
LT1014M 
LT1037M 
LT103M 
LT111A 
OP-27A 
OP-27C 
OP-37A 
OP-37C 
LINEAR 


TECHNOLOGY 


PACKAGES 


LM101A 
LM108 
LM108A 
LM111 
LM118 
LT1007AM 
LT1007M 
LT1009M 
LM111 
LT1013M 
LT1014M 
LT1014AM 
LT1037M 


Tl 


PACKAGES 


SE5534 
LM111 


COMMENTS 


Side brazed 
Flat packs 
CDIP 


Leadless chip carriers 


Pin grid array 


MOTOROLA | TI DIRECT TI CLOSEST 
DEVICES REPLACEMENT | REPLACEMENT | /! ADVANTAGE 


AM26LS32 
DAC-08 
LM101A 
LM108 
LM108A 
LM111 
LM124 
LM139 
LM139 
LM139 
LM139A 
LM139A 
LM139A 
LM148 
LM158 
LM193 
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AM26LS32AM 


LM101A 
LM108 
LM108A 
LM111 
LM124 
LM139 


LM139A 


AD7528M 


TLC139M 
TLC374M 


TLC139M 
TLC374M 


TLC193M 


TEXAS 
INSTRUMENTS 


Low power 
Low power, better response time 


Low power 
Low power, better response time 


Lower power 


¥ 
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MOTOROLA 
DEVICES 
(Continued) 
LM193 
LM193 
LM193A 
MC14050 
MC14549B 
MC1508 
MC1537 
MC1539 
MC1539 
MC1555 
MC1556 
MC1558 
MC1558S 
MC1709 
MC1709A 
MC1723 
MC1733 
MC1741 
MC1741 
MC1741S 
MC1747 
MC1748 
MC1776 
MC3503 
MC3505 
MC35071 
MC35071A 
MC35072 
MC35072A 
MC35074 
MC35074A 
MC35081 
MC35081A 
MC35082 
MC35082A 
MC35084 
MC35084A 
MC35171 
MC35171 
MC35172 
MC35172 
MC35174 
MC35174 
MC3558 
MC4558 
MC4558A 


TI DIRECT 
REPLACEMENT 


TLC540M 


SE555 


MC 1558 


uA723M 
uA733M 
uA741M 


uA747M 


RM4558 
RM4558 


TI CLOSEST 


REPLACEMENT 


TLC372M 
TLC193M 


TLC540M 
AD7528M 
TLE2237M 
TLE2037M 
TLE2037AM 


TLE2027AM 


TLE2142M 
TLE2037M 
TLE2037AM 


TLE2141M 
TLE2141M 


TLE2037M 
TLC271AM 
TLE2024M 
TLC139M 
TLE2141M 
TLE2141AM 
TLE2142M 
TLE2142M 
TLE2144M 
TLE2144M 
TLE2141M 
TLE2141AM 
TLE2142M 
TLE2142M 
TLE2144M 
TLE2144M 
TLE2061AM 
TLE2027M 
TLE2062AM 
TLE2227M 
TLE2427M 
TLE2064AM 
TLE2022M 


TEXAS 
INSTRUMENTS 


ALTERNATE SOURCE DIRECTORY 


Ti ADVANTAGE 


Low power, better response time 
Low power 


Higher speed 

Better slew rate 
Better slew rate 
Better slew rate 


Better Ayp and Vio 


Better slew rate and bandwidth 
Better bandwidth and Vio 
Better bandwidth and Vio 


Better slew rate and bandwidth 
Better slew rate and bandwidth 


Better Vio and Ayp 
Better slew rate 

Lower consumption 
Lower consumption 
Better Vic and slew rate 
Better Vio and slew rate 
Better Vic and slew rate 
Better Vic and slew rate 
Better Vio and slew rate 
Better Vic and slew rate 
Better slew rate 

Better slew rate 

Better slew rate 

Better slew rate 

Better slew rate 

Better slew rate 

Lower consumption 
Better bandwidth 

Lower consumption 
Better bandwidth 

Better bandwidth 

Lower consumption 
Better Ayp 


¥ 
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ALTERNATE SOURCE DIRECTORY 


MOTOROLA 
DEVICES 
(Continued) 
MC4741 
MC54HC4016 
MC54HC4066 
MC55107 
MC55107 
MC55108 
MC55108 
MC7705 
MC7712 
MC78M05 
MC78M12 
MC79M05 
MC79M12 
MLM111 
MLM124 
MLM139 
MLM158 
OP-27A 
OP-27C 
SE555 

SE556 

SE592 
TLO61M 
TLO61M 
TLO62M 
TLO62M 
TLO64M 
TLO64M 
TLO71M 
TLO72M 
TLO74M 
TLO81M 
TLO82M 
TLO84M 
TL431 

TL494 

uA733 


MOTOROLA 
PACKAGES 


J,L, U, Z,JG 
D,N, F 
Z 


2-10 


TI DIRECT 
REPLACEMENT 


SN54HC4016 
SN54HC4066 
SN55107A 
SN55107B 
SN55108B 
SN55108A 
uA78M05M 
uA78M12M 
uA78M05M 
uA78M12M 
uA79M05M 
uA79M12M 
LM111 

LM124 
LM139 
LM158 
OP27A 
OP27C 


SE592 
TLO61M 


TLO62M 


TLO64M 


TLO71M 
TLO72M 
TLO74M 
TLO81M 
TLO82M 
TLO84M 
TL431M 
TL494M 
uA733M 
Tl 
PACKAGES 


TI CLOSEST 


REPLACEMENT Tl ADVANTAGE 


TLE2024M Lower consumption 


TLCS555M 


TLC556M 


TLE2061M Lower consumption, wider GBW 


TLE2062M Lower consumption, wider GBW 


TLE2064M Lower consumption, wider GBW 


COMMENTS 


Side brazed 

Flat packs 

CDIP 

CDIP 

Leadiess chip carriers 


Pin grid array 


TEXAS wy 
INSTRUMENTS 
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ALTERNATE SOURCE DIRECTORY 


NATIONAL | TI DIRECT Tl CLOSEST 
DEVICES REPLACEMENT | REPLACEMENT | |! AOVANTAGE 


ADC0808 
ADC0809 
ADC0811 
ADC0820B 
ADC0820C 
ADC0831 
ADC1001C 
ADC1005B 
ADC1005C 
ADC1025B 
ADC1025C 
ADC1225B 
ADC1225C 
DAC0800 
DAC0801 
DAC0802 
DS1652 
DS1692 
DS26F31M 


ADC0808M 
ADC0809M 


TLC540M 
TLC5502M 
TLC5502M 
TLC549M 
TLC1541M 
TLC1541M 
TLC1541M 
TLC1541M 
TLC1541M 
TLCO1225M 
TLC1225M 
TLC5602M 
TLC5602M 
TLC5602M 
MC3552 
SN55110A 
SN55ALS192 


Faster 
Faster 
Faster 
Faster 
Faster 
Faster 
Faster 
Faster 
Faster 
Faster 
Faster 


AM26LS32AM 
SN55ALS 192 


DS26F32M 

DS26LS31M 
DS26LS32M 
DS26LS33M 


AM26LS32AM 
AM26LS33AM 


DS3587 
DS35F86 
DS35F87 
DS55107 
DS55108 
DS55109 
DS55110A 
DS55113 
DS55114 
DS55115 
DS55121 
DS55122 
DS55451 
DS55452 
DS55453 
DS55454 
DS55461 
DS55462 
DS55463 
DS55464 
DS7820 
DS7820A 
DS7830 
DS96F173M 


SN55107B 
SN55108B 
SN55109A 
SN55110A 
SN55113 
SN55114 
SN55115 
SN55121 
SN55122 
SN55451B 
SN55452B 
SN55453B 
SN55454B 
SN55461 
SN55462 
SN55463 
SN55464 


SN55183 
SN55173 


SN55ALS 194 
SN55ALS195 
SN55ALS 194 


SN55182 
SN55182 


TEXAS 
INSTRUMENTS 


4 
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ALTERNATE SOURCE DIRECTORY 


NATIONAL 
DEVICES 
(Continued) 


Tl DIRECT Til CLOSEST 


REPLACEMENT /| REPLACEMENT ee 


DS96F175M 
LF111 
LF147 
LF155 
LF1I55A 
LF156 
LF156A 
LF157 
LFIS7A 
LF411 
LF411A 
LF412 
LF412A 
LF441A 
LF442 
LF442A 
LF444A 
LHO004 
LHO022 
LHO0042 
LH0044 
LHO0044A 
LHO052 
LH2101A 
LH2108A 
LH2111 
LM101 
LM101A 
LM107 
LM108 
LM108A 


| LM11 


LM111 
LM112 
LM118 
LM119 
LM124 
LM124A 
LM139 
LM139A 
LM143 
LM144 
LM148 
LM1558 
LM158 
LM158A 
LM193 


2-12 


LM101A 
LM101A 


LM108 
LM108A 
LM108A 
LM111 


LM118 


LM124 
LM124A 


LM139A 


LM148 
MC1558 
LM158 
LM158 


SN55173 
LM111 
TLO54M 
TLO51M 
TLO51M 
TLO51M 
TLO51M 
TLE2141M 
TLE2141M 
TLO51M 
TLO51M 
TL288M 
TL288M 
TLO61M 
TLO62M 
TLO62M 
TLO64M 
TLE2027M 
TLE2061M 
TLE2061M 
TLE2021AM 
TLE2021BM 
TLE2027AM 
TLE2022M 
TLE2022M 
LM193 


TLE2021M 


TLE2021M 


LM193 


TLC139M 


TLO31M 
TLO31M 


TLC193M 


‘TEXAS 
INSTRUMENTS 
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Higher slew rate 
Greater bandwidth 
Greater bandwidth 
Higher slew rate 
Higher slew rate 
Reduced Vig 
Reduced Vi9 
Higher slew rate 
Higher slew rate 
Higher slew rate 
Higher slew rate 
Higher slew rate 
Higher slew rate 
Higher slew rate 
Higher slew rate 
Greater bandwidth 
Higher slew rate 
Reduced Vio 
Higher slew rate 
Higher slew rate 
Greater bandwidth 


Reduced Vio and lip 


Greater bandwidth 


Low power 


Reduced Vio 
Reduced Vi9 


Lower power 


¥ 


NATIONAL 
DEVICES 
(Continued) 
LM193A 
LM55107A 
LM55108A 
LM55109 
LM555 
LM556 
LM607A 
LM607B 
LM723 
LM733 
LM741 
LM741A 
LM747 
LM747A 
LM78M05 
LM78M12 
LM79M05 
LM79M12 
LMC660A 
LMC660A 
LP124 
MM55108 
MM55108 
MM55110 
MM55121 
TLO81 
TLO82 


NATIONAL 
PACKAGES 
F, W 


J,D 
E 


TI DIRECT 
REPLACEMENT 


SN55107A 
SN55108A 
SN55109A 
SE555 
SE556 


uA723M 
uA733M 
uA741M 
uA741M 
uA747M 
uA747M 
uA78M05M 
uA78M12M 
uA79M05M 
uA79M12M 


SN55108A 
SN55108B 
SN55110A 
SN55121 
TLO81M 
TLO82M 

Ti 
PACKAGES 


ALTERNATE SOURCE DIRECTORY 


TI CLOSEST 


REPLACEMENT Tl ADVANTAGE 


TLC193M Lower power 


Greater bandwidth 
Greater bandwidth 


TLE2027AM 
TLE2027M 


TLC274M 
TLC274AM 
TLO34M 


Greater bandwidth, higher slew rate 
Greater bandwidth, higher slew rate 
Greater bandwidth, higher slew rate 


COMMENTS 


Side brazed 

Flat packs 

CDIP 

Leadless chip carriers 
Pin grid array 


TEXAS ig 
INSTRUMENTS 
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ALTERNATE SOURCE DIRECTORY 


PMI Tl DIRECT 
OP-02 
OP-04 
OP-09 
OP-14 
OP-15 
OP-215 
OP-215 
OP-220 
OP-220 
OP-27A 
OP-27C 
OP-37A 
OP-37C 
PM108 
PM108A 
PM139 
PM139A 
PM148 
PM1558 
PM4136 
PM741 


Tl CLOSEST 

uA741M 
uA747M 
RM4136 
MC1558 
TLO71M 
TLO72M 
RM4558 
LM158 
TLO22M 


OP27A 
OP27C 
OP37A 
OP37C 
LM108 
LM108A 
LM139 
LM139A 
LM148 
MC1558 
RM4136 
uA741M 
PM747 uA747M 
PM7524 AD7524M 
PM7528 AD7528M 


PMI 
PACKAGES Pa KAGES on 


Side brazed 
W, U Flat packs 
ae Fs J, JG CDIP 
Leadless chip carriers 
Pin grid array 


TEXAS % 
INSTRUMENTS 
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ALTERNATE SOURCE DIRECTORY 


RAYTHEON | TI DIRECT TI CLOSEST 
DEVICES REPLACEMENT | REPLACEMENT | |! ADVANTAGE 


LM101A 
LM108 
LM108A 
LM111 
LM124 
LM139 
LM139 
LM139A 
LM139A 
LM148 
OP-27A 
OP-27C 
OP-37A 
OP-37C 
RM1558 
RM4136 
RM4558 
RM4559 
RM5534 
RM555 
RM556 
RM723 
RM741 
RM747 


LM101A 
LM108 
LM108A 
LM111 
LM124 
LM139 


LM139A 


LM148 
OP27A 
OP27C 
OP37A 
OP37C 
MC1558 
RM4136 
RM4558 
RM4559 
SE5534 
SE555 
SE556 
uA723M 
uA741M 
uA747M 


TLC139M Low power 


TLC139M Low power 


RM8T13 SN55121 


RAYTHEON Tl 
PACKAGES PACKAGES 


COMMENTS 


Side brazed 

Flat packs 

CDIP 

Leadless chip carriers 
Pin grid array 


EXAS sg 
INSTRUMENTS 
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ALTERNATE SOURCE DIRECTORY 


RCA TI DIRECT TI CLOSEST 
DEVICES REPLACEMENT | REPLACEMENT | 1) \OVANTAGE 


CA081 
CA082 
CA084 
CA101 
CA111 
CA124 
CA139 
CA139A 
CA1558 
CA158 
CA158A 
CA3029 
CA3029A 
CA3030 
CA3030A 
CA3037 
CA3037A 
CA3038 
CA3038A 
CA3085 
CA3085A 
CA3747 
CA555 
CA723 
CA741 
CA747 
CD54HC4016 
CD54HC4066 
ICM7555 
ICM7556 
LM1558 
LM723 
LM741 
RCA 
PACKAGES 
D 


2-16 


LM101A 
LM111 
LM124 
LM139 
LM139A 
MC1558 
LM158 
LM158 


SE555 
uA723M 
uA741M 
uA747M 
SN54HC4016 
SN54HC4066 
TLC555M 
TLC556M 
MC1558 
uA723M 
uA741M 

Ti 
PACKAGES 


TLO81M 
TLO82M 
TLO84M 


uA741M 
uA741M 
uA741M 
uA741M 
uA741M 
uA741M 
uA741M 
uA741M 
uA723M 
uA723M 
uA747M 


COMMENTS 


Side brazed 
Flat packs 
CDIP 


Leadless chip carriers 


Pin grid array 


TEXAS i 


INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


ALTERNATE SOURCE DIRECTORY 


SIGNETICS | Tl DIRECT Tl CLOSEST 
DEVICES REPLACEMENT |REPLACEMENT | |! ADVANTAGE 


5534 
55451B 
55452B 
55453B 
55454B 
555 

556 
DM7820 
DM7830 
LM101 
LM111 
LM124 
LM139 
LM139A 
LM158 
LM193 
LM193A 
MC1558 
NE5036 
NE5037 
$8T13 
S8T14 
SA556 
SA556-1 
SA723 
SA741 
SA747 
SE4558 
SE529A 
SE5534 
SE555 
SE556 
SE556-1 
SE5733 
SE592 
SE733 
uA733 
uA733 
uA741 
uA747 


SE5534 
SN55451B 
SN55452B 
SN55453B 
SN55454B 
SE555 
SE556 
SN55182 
SN55183 
LM101A 
LM111 
LM124 


TLC139M Low power 


LM139A 
LM158 
TLC193M Lower power 
TLC193M Lower power 
MC1558 
TLC549M 
TLC549M 
SN55121 
SN55122 
SE556 
SE556 
uA723M 
uA741M 
uA747M 
RM4558 
uA733M 
SE5534 
SE555 
SE556 
SE556 
uA733M 
SE592 
uA733M 
uA723M 
uA733M 
uA741M 
uA747M 


SIGNETICS Tl 
PACKAGES PACKAGES erie aie ti 


F, FE 


Side brazed 
Flat packs 


CDIP 
Leadless chip carriers 
Pin grid array 


TEXAS wy 


INSTRUMENTS 
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ALTERNATE SOURCE DIRECTORY 


SILICON 
GENERAL 
DEVICES 
SG101 
SG101A 
SG111 
$G120-05 
SG120-12 
SG124 
SG139 
SG139A 
SG140-05 
$G140-12 
SG1558 
SG4136 
SG5534 
SG55451 
SG55452 
$G55453 
SG55454 
SG55461 
SG55462 
SG55463 
SG55464 
SG555 
SG556 
SG723 
$G733 
SG741 
SG747 
SILICON 
GENERAL 


PACKAGES 


2-18 


TI DIRECT 
REPLACEMENT 


LM101A 
LM101A 
LM111 
uA79M05M 
uA79M12M 
LM124 
LM139 
LM139A 
uA78M05M 
uA78M12M 
MC1558 
RM4136 
SE5534 
SN55451B 
SN55452B 
SN55453B 
SN55454B 
SN55461 
SN55462 
SN55463 
SN55464 
SE555 
SE556 
uA723M 
uA733M 
uA741M 
uA747M 


Tl 


PACKAGES 


Tl CLOSEST 
REPLACEMENT 


Ti ADVANTAGE 


COMMENTS 


Side brazed 

Flat packs 

CDIP 

Leadless chip carriers 
Pin grid array 


¥ 


TEXAS 
INSTRUMENTS 
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ALTERNATE SOURCE DIRECTORY 


SGS 
Tl DIRECT Tl CLOSEST 
THOMSON Ti ADVANTAGE 
DEVICES REPLACEMENT | REPLACEMENT 
L78M05 uA78M05M 


L78M12 uA78M12M 


LM101A 
LM111 
LM124 
LM124A 
LM139 
LM139A 
LM148 
LM1558 
LM158 
LM158A 
LM193 
LM193A 
LM723 
LM741 
LM741A 
M082 
M741 
M747 
MC1558 
MC4558 
SE555 
SE556 


SFC2101A 


SFC2111 
SFC2558 
SFC2723 
SFC2747 
TDBO0351 
TDB0353 
TDC0124 
TDC0139 
TDCO0148 
TDC0158 
TDC0193 
TDC4558 
TLO62 
TLO62 
TLO64 
TLO64 
TLO72 
TLO74 
TLO81 
TLO82 
TLO84 


LM101A 
LM111 
LM124 
LM124A 


LM139A 
LM148 


MC1558 - 


LM158 
LM158 


uA723M 
uA741M 
uA741M 
TLO82M 
uA741M 
uA747M 
MC1558 
RM4558 
SE555 
SE556 
LM101A 
LM111 
MC 1558 
uA723M 
uA747M 
TLO81M 
TLO82M 
LM124 
LM139 
LM148 
LM158 
LM193 
RM4558 
TLO62M 


TLO64M 


TLO72M 
TLO74M 
TLO81M 
TLO82M 
TLO84M 


TLC139M Low power 


TLC193M Lower power 
TLC193M Lower power 


TLE2062M Lower consumption, wider GBW 


TLE2064M Lower consumption, wider GBW 
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ALTERNATE SOURCE DIRECTORY 
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THOMSON TI DIRECT TI CLOSEST 
DEVICES REPLACEMENT | REPLACEMENT 
(Continued) 
TS26L2A TLC27L2AM 
TS26L4A TLC27L4AM 
TS26M2A TLC27M2AM 
TS271 TLC271M 
TS271A TLC271AM 
TS272 TLC272M 
TS272A TLC272AM 

‘| TS274 TLC274M 
TS274A TLC274AM 
TS27L2 TLC27L2M 
TS27L4 TLC27L4M 
TS27M2 TLC27M2M 
TS27M4 TLC27M4M 
TS27M4A TLC27M4AM 
uA723 uA723M 
uA741 uA741M 
SGS 
THOMSOM 


Tl ADVANTAGE 


PACKAGES 


Side brazed 

Flat packs 

CDIP 

Leadless chip carriers 
Pin grid array 


SUPERTEX Ti DIRECT Tl CLOSEST 
SN55500E 
SN55501E 
SN55551 
SN55552 
SN55553 
SN55554 


SUPERTEX 
—_ ES PACKAGES omen 


Side brazed 

Flat packs 

CDIP 

Leadless chip carriers 
Leaded chip carriers 
Pin grid array 
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SN553491 
ROW (COMMON) DRIVER FOR DOT MATRIX LCD 


SGLS042-D4012, JANUARY 1992 


° Duty Cycle for LCD Driver... 1/100 to 1/480 ° 5-V Power Supply Voltage 
° Veg Voltage for LCD Driver...14V to 26V ° CMOS Si Gate High Voltage Technology 
(40 V Max) 


* 100-Terminal Ceramic Flat Package 


° 80-Channel Outputs 


COM30[) 8o{] COMS51 
COM29/] 2 791] COM52 
COM28{ | 3 78] | COM53 
COM27[] 4 771] COM54 
COM26[]} 5 76 || COM55 
COM25[] 6 75 |] COM56 
COM24/] 7 74 || COM57- 
COM23[] 8 731] COM58 
COM22|] 9 721] COM59 
COM21[] 10 711] COM60 
COM20/} 11 70] | COM61 
COM19{ | 12 69 | | COM62 
COM18[] 13 68 | | COM63 
COM17[] 14 671] COM64 
COM16/ | 15 66 | | COM65 
COM15/] 16 65 | | COM66 
COM14[] 17 64 | | COM67 
COM13/] 18 63 | | COM68 
COM12[] 19 62 | | COM69 
COM111] 20 61 || COM70 
COM10| | 21 60 |] COM71 
COM9|] 22 59 | | COM72 
COM8[] 23 581 | COM73 
COM7{] 24 57 |] COM74 
COME6[ ] 25 56 | | COM75 
COM5S[] 26 551] COM76 
COM4[] 27 541] COM77 
COM3/] 28 53 || COM78 
COM2[] 29 521|COM79 
COM1[] 30 51 |] COM80 


HS PACKAGE 


NC-No internal connection 


PRODUCTION DATA information is current as of 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 


testing of all parameters. 


ublication date. 


ag 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


Copyright © 1992, Texas Instruments Incorporated 


9N553491 
ROW (COMMON) DRIVER FOR DOT MATRIX LCD 


SGLS042—D4012, JANUARY 1992 
description 


The SN553491 row driver is a monolithic silicon gate CMOS integrated circuit designed to drive the row 
electrodes of a liquid crystal flat panel display. 


This device consists of an 80-bit shift register, an 80-bit level shifter, and an 80-channel output driver. Serial data 
is entered into the shift register on either the rising or falling edge of the shift clock. The serial data out may be 
used to cascade additional devices. 


functional block diagram 
38 


ihe | Logic | 
39 Logic 
SLRF 37 


R/L 
34 43 


80x1 Bidirectional Data Shifter 


wai. 35 
80-Bit Level Shifter M 
ee 
33 me a7 vit 
TESTH ) VL6 
80-Channel LCD Driver AC 
TEsTL ag NLS 
S. VL2 
30| 29] 28 @@@ 54] 53} 52) 51 
5393 EE FS 
Bigg fat. eae 
0 0 0 Co: “7 ve 
power supply circuit 
VEE 5V 


SN553491 


Vss 
Resistors marked with same number have equal value. 
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SN553491 
ROW (COMMON) DRIVER FOR DOT MATRIX LCD 


SGLS042--D4012, JANUARY 1992 


Terminal Functions 


1/0 DESCRIPTION 


COM1-COM80 1-30, al Common (row) drive signal output, see Table 1. 
51-100 


La ae Sa ec. 


31, 40, 42, No internal connection 
45, and 46 


Select right or left shift of register 
Voc: Right shift, SIN- R1— R2— R3— R80 SOUT 
Vgs: Left shift, SIN- R80-— R79— R2-— R1— SOUT 
R1 — COM1 output 
R2 — COM2 output 
| 
— COM80 output 


SCK 38 | | | Shift clock 
SIN “ieee 


SLRF 39 Select rise or fall edge of SCK for register and output shift 
Voc: Rise edge of SCK 
Vss: Fall edge of SCK 


Bee lee re arate oe 
TTESTH 83 | 1] Outputtest or on level of LOD (= Voc). See Table Dior oulputtestievels 
TEST 86 | 1 | Output est or offievel of LOD (= Voc). See Table 2 for oulputtestlevels. 
Heir evry. 4 ieee TUDE is nc one ee 
We sav oro 52. |, [GUM WARERRMEBS. Colict noon cor Anco ee ol 


VL1, VL2, VL5, VL6 - Output supplies for LCD 
VL1 and VL2 are on level of LCD, 
VL5 and VL6 are off level of LCD. 


Ves ii ee Se 


Table 1. Level for LCD Driving Signal 


fase Pane ver sRonn Obet = [2 Oohto4 9} 
ce Pe Lo ea 


Table 2. Output Test Levels 


ea ee + Pe ae ee 
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9N553491 
ROW (COMMON) DRIVER FOR DOT MATRIX LCD 


SGLS042-D4012, JANUARY 1992 


schematics of inputs and outputs 


ALL INPUTS EXCEPT TESTH/L SOUT OUTPUT TYPICAL OF ALL COM OUTPUTS 


Vcc 


Output 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


ea MONEE TEGO, ie (RO A) ow oan p nce nwt gh ne ae nak aR acedane weal amd asec —0.3Vto7V 
vegas Pigtey eee se ee can a aes te ea ao oan basen ana ee —0.3 V to 40 V 
Input voltage range, V;, at SCK, SIN, M, SLRF, R/L .... ee cece cece eee ee eens —0.3 V to Voc + 0.3 V 
piss WOO FOO ee ihn a sip gcd spo nee RES + pee nee et eee —0.3 V to Voo + 0.3 V 
Output supply voltage range, VLn for LCD (see Note 2) ....... cece eee ee eee eee —0.3 V to Veg + 0.3 V 
ICONIC: cca xb s gas kus O8 oc wh nals Vas oa a to's Oy SUR TTC Oe CoD is oe Oe +10mA 
RE UE Aha. NEE 59 F ooeia i orn oa Se oo ph 2 oP Eg ea LO Ms ob nde bac eve eek eA ewe 10 mA 

RNa MAB ee oi 84a eer ere er oe eee hr ee eae napa tra innanes 5 mA 
Operating free-air temperate range; Ta asc eee eG wes er eee eR TORS —55°C to 125°C 
a ee UE PON ee i aso ie 4 pds coed ead ah Pe i RE — 65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Voltage values are with respect to Vss. 

2. VLn voltage range should be under the following conditions: Veg = VL1 = VL6 = Veg -7 V, and 7 = VL52VL22Vss. 


ag 
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SN553491 
ROW (COMMON) DRIVER FOR DOT MATRIX LCD 


SGLS042—D4012, JANUARY 1992 
recommended operating conditions 


(SSeS eee peas ees Ss ee eee ene ee ES 
Supply voltage, Vcc (see Notes 1, 2, 3, and 4) a 
Supply voltage for LCD output Veg, VL1, VL6, VL5, VL2 


High-level input voltage, Viy Se eee SLAF, RIL, 0.8 Vcc ee 
Low-level input voltage, Vi,_ ps cen: SLAF, RIL, 0.2VcCcC ae 


esa ae 
BA een 
ae Sr —Ven ier were as 
w(SCKL Le 
Pe ee 
Sars. SUF = Veo RED eee se x 
mpeg oMnghoriity | ep ee a OO ee eee 
[Hold tone, SIN Ripttor low ti 2 ¢r\/eiode vetnctirico: aarp ndtasas Soa selqnagece 26] SROON ce ae 
[Outputholdtime, SOUT high orlow,thisoy (C=O | OCS 


NOTES: 1. Voltage values are with respect to Vss. 
2. VLn voltage range should be under the following conditions: Veg = VL1 = VL6 = Veg —7 V, and 72VL52VL22Vss. 
3. Turn on and off sequence of power must be as follows: 
Turn on sequence: Vcc > Input ~ VEE 
Turn off sequence: Veg — Input ~ Voc. 
4. VLn voltage range should be within A V (see Figure 1). 


14 20 28 38 
VeeE—Output Bias Voltage Range-—V 


Figure 1. Voltage Range 
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SN553491 
ROW (COMMON) DRIVER FOR DOT MATRIX LCD 


SGLS042—D4012, JANUARY 1992 


electrical characteristics over full range of recommended operating conditions (unless otherwise 
noted) , . 


PARAMETER TEST CONDITIONST MIN TYP} MAX] UNIT 
VOH | High-level output voltage | SOUT loH =—0.4 mA Vcc -0.4 
VOL __ Low-level output voltage | SOUT lot = 0.4mA Be pena eo RL ne | 


athe SOK SIN, M, SLAF IL BRRDBARihsicanos 6 
| High-level input current | SCK, SIN, M, SLRF, P/L_ - = 
IH 3 P TESTH, TESTL Veg = Mavs i= VOC 


SCK, SIN, M, SLRF, RIL | 
| Low-level input current Voc = MAX, Vj =V 


VL1 = VL6 = Veg, Vss, 
VL2=VL5=7V,Vss 


Icc Supply current Voc = MAX, VEE = MAX, 
IEE Supply current Vi= Veo. Vss 


tT For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
¢ All typical values are at Ta = 25°C, Voc = 5 V. 


I Input current VLn 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


FROM TO 
[= 


tod Propagation delay time SOUT Cy = 30 pF pomnen 8 4 us 
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3N553491 
ROW (COMMON) DRIVER FOR DOT MATRIX LCD 


SGLS042—D4012, JANUARY 1992 


PARAMETER MEASUREMENT INFORMATION 


Pn 94 ood eee ae Vcc 

SCK 

(SLRF = Vss) 
os eS Vss 


| | 
| | | 
et 
| fe tw) Fe twit) > 
| (¢ tw) > 

a | le > 
| | | 
| | | 
| | | 


eam ey Maa, Al Umea TEA, “a PM ed lo, RH EY ae RE SS Vec 
(SLRF = Vcc) | 
si ie i te GS in aera ae Vss 


—>| ¢— th(So) 
NOTE: t- < 30 ns, t¢< 30 ns 
Figure 2. Serial Clock Timing Diagram 
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9N553492 
COLUMN (SEGMENT) DRIVER FOR DOT MATRIX LCD 


SGLS043—-D4008, JANUARY 1992 


* Duty Cycle for LCD Driver... 1/100 to 1/480 ¢ 5-V Power Supply Voltage 
°® Vee Voltage for LCD Driver...14V to 26 V ° 4-Bit Data Bus 
(40 V Max) - 


° 80-Channel Outputs 


HS PACKAGE 
(TOP VIEW) 


CMOS Si Gate High Voltage Technology 


100-Terminal Ceramic Flat Package 


SEG30[| 801] SEG51 
SEG29[] 2 791] SEG52 
3 SEG28/] 3 78 |] SEG53 
SEG27[] 4 771] SEG54 
SEG26[] 5 761] SEG55 
SEG25[] 6 75|| SEG56 
SEG24[] 7 741] SEG57 
SEG23[] 8 731] SEG58 
SEG22[] 9 721] SEG59 
SEG21[] 10 71 |] SEG6O 
SEG20[] 11 701 | SEG61 
SEG19/] 12 69 | | SEG62 
SEG18/] 13 68 | | SEG63 
SEG17[] 14 671] SEG64 
SEG16/] 15 66 || SEG65 
SEG15/] 16 65 | | SEG66 
SEG14[] 17 64] SEG67 
SEG13/] 18 63 | | SEG68 
SEG12[1 19 62 | | SEG69 
SEG11[] 20 61 |_| SEG70 
SEG10/] 21 60 |] SEG71 
SEGOL] 22 59|] SEG72 
SEG8/] 23 581 |SEG73 
SEG7[] 24 571 | SEG74 
SEG6/] 25 56|]SEG75 
SEGS5[] 26 551|SEG76 
SEG4[] 27 541] SEG77 
SEG3[] 28 53|] SEG78 
SEG2[] 29 521] SEG79 


SEG1/ } 30 


511] SEG80 


NC-No internal connection 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of ail parameters. 


Copyright © 1992, Texas Instruments Incorporated 
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SN553492 
COLUMN (SEGMENT) DRIVER FOR DOT MATRIX LoD 


SGLS043—D4008, JANUARY 1992 


description 
The SN553492 column driver is a monolithic silicon gate CMOS integrated circuit designed to drive the column 
electrodes of a liquid crystal flat panel display. 


This device consists of a 4 x 20-bit data latch, an 80 x 1-bit data latch, an 80-bit level shifter, and an 80-channel 
output driver. Four-bit data is entered into the 4 x 20-bit data latch on falling edge of the shift clock. The cascade 
data out may be used to cascade additional devices. 


functional block diagram 


+> =, ae 
EN a 
DST = 48 Gis 
SCK 
a 4 
20-Bit Latch Select LR 
41 
Bit Bus y Oe 
ee le 
Data 44 
Bus DO 
80x1 Data Latch 
S 80 
80x1 Data Latch 46 
<a 
47 ew 32 VL1 
TESTH 34 VL3 
80-Channel LCD Driver 
TESTL — = vis 
33 vLo 
30; 29) 28 eee 54; 53] 52; 51 
cad N © fk © o = 
™ 
22 8 eco FB EG 
- 2. a) 
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5N553492 
COLUMN (SEGMENT) DRIVER FOR DOT MATRIX LCD 


SGLS043—D4008, JANUARY 1992 


power supply circuit 
VEE 5V 


RI ao R3 
52 Sse R3 


ne ON 


—s 


Vss GND(0 V) 


Resistors marked with same number have equal value. 


Terminal Functions 


oA (oie 


DO-D3 41-44 Four bits of data input 


DATA SEGMENT OUTPUT 
0 On level of LCD 
1 Off level of LCD 


are 
as 
am 
cr 
So 
e 
51-100 
= 
me 
ae 
E 


DST 3 


VEE 31 


Output supplies for LCD 
VL1 and VL2 are on level of LCD, 
VL3 and VL4 are off level of LCD. 


Vss eee Me a eterno an nee a 
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9N553492 
COLUMN (SEGMENT) DRIVER FOR DOT MATRIX LCD 


SGLS043—-D4008, JANUARY 1992 


Table 1. Left or Right Shift of 4 x 20 Data Latch 


Table 2. LCD Driving Signal Level 


ow tt tie) oe 
ioe Ty ee ed 


Table 3. On- and Off-Level LCD Tests 


| M__| TESTH | TESTL | SEG1-SEG80 | 
1 0 VL1 


schematics of inputs and outputs 


ALL INPUTS EXCEPT TESTH/L CAS OUTPUT TYPICAL OF ALL SEG OUTPUTS 
VEE 


Output 
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SN553492 
COLUMN (SEGMENT) DRIVER FOR DOT MATRIX LCD 


SGLS043-D4008, JANUARY 1992 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Suge votade range, Vee (S00 NOW I). cc nars.ss pte voce news peice ene yesh caens ge eres —0.3Vto7V 
CUAL Saas NCS CREP, Mien so oe wit ere Ros ts Gate a esp Re ke UE we HOWTO Une alg URES —0.3 V to 40 V 
Input voltage range, V), at DST, SCK, M, L/R, EN, DO-D3, TESTH/L ............. —0.3 V to Voc + 0.3: V 
Output voltage range, Vo, GEGAS. cts aoik Beata tks ade ete as runes daveds —0.3 V to Voc + 0.3 V 
Output supply voltage range, VLn for LCD (See Note 2) ......... cece cece eee eee —0.3 Vto Vee + 0.3 V 
SA RRIOEIL  Staiw ba Kops d 5.) Sw a0oo e ee OREEE 8'G eo Guunle dw Li sie Ab wan gy Maange ein ee +10mA 
Eee Sei Tore eh al, re ek eee RE ee ahs sx a a Mednick to in ak uae pee 10 mA 

ea es VEG ae ST Se Sele aids aU eee as wink & Sie Ae 5 mA 
I OUCO.OAS-Bl TOMO eNO OS, Ta cg Feo a ep ick xn eka daa si nang eR ee —55°C to 125°C 
Sere UNMAND IU NEIINT ADUIECRAR PRS Ss Gc wrerteca aca oon eat sda tera lok as -<npymigen ai mm anise alla Died dE —65°C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Voltage values are with respect to Vss. 

2. VLn voltage range should be under the following conditions: Veg = VL1 = VL3 = Veg —7 V, and 7 = VL42VL22Vsgs. 
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9N553492 
COLUMN (SEGMENT) DRIVER FOR DOT MATRIX LCD 


SGLS043—D4008, JANUARY 1992 


recommended operating conditions 


oe ca do) 
Supply volage, Vig (eee Notes 2, 3, and) Ae apne sais BE ,OV | 
Supply voltage for LCD output Vee Vii- Via 


High-level input voltage, Viy ie ae, 0.8Vcc Voc 
Low-level input voltage, Vi er cea - Vss 0.2Vcc 


0 9 aa alg a F °C SE SIEIN ( SR 
ee, ee ee 
Pulse duration, clock high, tw(SCKH er ta 
Pulse duration, clock low, tw/SCKL ee ee ee 
Pulse duration, clock high, tw(SCKH 


Setup time, data strobe, DST low before SCK, tsy(ps 
Hold time, data strobe, SCK low before DST, thips 
Setup time, Dn high or low, tsy 

Hold time, Dn high or low, th 

Enable time, ten 

Disable time, tgis 


NOTES: 2. VLn voltage range should be under the following conditions: Veg = VL1 = VL3 = Veg —7 V, and 7 = VL4 = VL2 = Vgs. 
3. Turn on and off sequence of power must be as follows: 
Turn on sequence: Voc — Input — Vege 
Turn off sequence: Veg — Input > Voc. 
4. VLn voltage range should be within AV (see Figure 1). 


14 20 28 38 
VeE — Output Bias Voltage Range - V 


Figure 1. Voltage Range 
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9N553492 
COLUMN (SEGMENT) DRIVER FOR DOT MATRIX LCD 


SGLS043—-D4008, JANUARY 1992 


electrical characteristics over full range of recommended operating conditions (unless otherwise 
noted) 


PARAMETER TEST CONDITIONST MIN TYP? MAX| UNIT 
VOH High-level output voltage IoH = -0.4 mA Voc -0.4 
VoL Low-level outputvotage [CAS [lo =0.4mA Ce ee 


DST, SCK, M, L/R, EN, 
a 


DO to D3 

TESTH, TESTL__ Ree 
DST, SCK, M, L/R, EN, 

Low-level input current | DOtoD3 Voc = MAX, Vi=Vss scl 
TESTH, TESTL Cg ee 
Zo Output impedance SEG1 to SEG80 lo = 100 pA Mae See pases 2S 
i input current Vi= VEE, VSS er eee 
a one Nee) ee ey 
Eo aeeraien Mee) NS ee | 
idan Serbyanet [Veo «SeeNowe 


tT For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
¥ All typical values are at Ta = 25°C, Voc = 5 V. 
NOTES: 5. Test conditions are at fpst = Voc = MAX, Veg = MAX, V| = Voc, Vss. Outputs are not loaded. 

6. Test condition of standby current is added at EN input = VCC: 


High-level input current 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS | MIN MAX | UNIT 


ty P ti lay ti AS, SCK—CAS 
d ropagation delay =e DST CAS, S C = 30 pF 
ta(m) _ Frame sync delay time Pas Se 
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9N553492 
COLUMN (SEGMENT) DRIVER FOR DOT MATRIX LCD 
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Vcc 


Vss 


Yoo 


Vss 


Vcc 


Vss 


VOH 


VOL 


Vcoc 


Vss 


Vcec 


Vss 
NOTE: ty < 30 ns, t¢< 30 ns. 


Figure 2. Timing Diagram 
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SLINAWNNYMLSN 
dip OVAL 


application circuit 


R3 


| SN553491 X 6 


VL2 


COM478 
COM479 
COM480 

SEG1 SEG2 SEG3 


Controller 


640 x 480 Dots 1/480 Duty LCD Panel 


HD63645F 
HD64645F 
MSM6255GS 
SED1341 
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SNJ557202E 
160-CHANNEL LCD DRIVER FOR DOT MATRIX STN 


JANUARY 1992 


¢ One Chip for Both Common (Row) and ° 4-Bit or 8-Bit Data Bus 
Segment (Column) Driving 


°® Duty Cycle for LCD Driver Is Over 1/400 


© 8-MHz Data Transfer Clock 


Power Supply Voltage: 5 V + 10% 
° Recommended Veg Voltage Range for LCD 
Driver: 20 V to 42 V (45 V Max) 


® 1460 Channel Outputs °* TAB (Tape Automated Bonding) Packaging 


High-Voltage CMOS Si Gate Technology 


TB Package 
(TOP VIEW) 
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description 


The SNJ557202E is a CMOS integrated circuit designed to drive an LCD (liquid crystal display) for a dot matrix 
STN (super twisted nematic). The common- (row) and segment- (column) driver functions are integrated on a 
single chip. 


In the common-driver mode, the outputs can be configured as one set of 160 output channels or as 2 sets of 
80 output channels. In the segment-driver mode, the device can be configured for either four-bit-wide or 
eight-bit-wide data. The duty cycle is over 1/400, and the output bias voltage range (Veg) is from 20 V to 42 V 
(45 V maximum). 


This high-voltage CMOS Si gate device is available in a 197-pin TAB (tape automated bonding) package. 


formative or design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 


PRODUCT PREVIEW documents contain information on products in the j Copyright © 1992, Texas Instruments Incorporated 
change or discontinue these products without notice. i 
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9NJ557206 
192-CHANNEL COLOR TFT COLUMN (SOURCE) DRIVER 


JANUARY 1992 


¢ Column (Source) Driver ° Power-Consumption Savings With Clock 


¢ Recommended Veg Voltage Range for LCD Sere 


Driver 14V to 18V (22 V Max) ¢ 5-V Power Supply Voltage 
° 192-Channel Outputs °® High-Voltage CMOS Si-Gate Technology 
° 3-Bit x 3-Bit (RGB) Data Bus ® 231-Terminal TAB (Tape Automated 


° 512 Colors (8-Bit Gray Scale) Pongingrraceging 


¢ 15-MHz Data Transfer Clock 


TB Package 
(TOP VIEW) 


description 


The SNJ557206 is a 192-channel monolithic integrated circuit designed to provide column (source) drive for 
TFT (thin-film transistor) liquid crystal displays (LCDs). 

The SNJ557206 output structure provides eight output voltage levels, which allow an LCD to have eight gray 
levels. There are 192 outputs with an output bias voltage (Ver) from 14 V to 18 V. The data bus is set for 3 x 
3 bits to allow data to be transferred in an RGB (red, green, blue) format. The process technology used is 
high-voltage Si-gate CMOS. 


The SNJ557206 is characterized for operation over the full military temperature range of —-55°C to 125°C. 


formative or design phase of development. Characteristic data and 
other specifications are design goals. Texas Instruments reserves the 
right to change or discontinue these products without notice. TI 
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TCM29C13AM 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


D3724, APRIL 1991—REVISED JULY 1991 


* Reliable Silicon-Gate CMOS Technology plete 

° Low Power Consumption: 
Operating Mode . . . 80 mW Typical VepU1 — 200 Vcc 
Power-Down Mode... 5 mW Typical PWRO + [J 2 191} GSX 


PWRO-[]}3 —_18{] ANLG IN- 
° Excellent Power Supply Rejection Ratio GSR [] 4 |] ANLG IN+ 


Over Frequency Range of 0 to 50 kHz PDN[I5 ief] ANLG GND 
* No External Components Needed for CLKSEL{}6 = 154} ASEL 
Sample, Hold, and Auto-Zero Functions DCLKRUY7 ~— 14] TSX/DCLKX 
PCM INL 8 131] PCM OUT 


® Precision Internal Voltage References FSR/TSRE |] 9 121) FSX/TSXE 


; 
* Direct Replacement for AT & T T7513A DGTL GND 10__11}J CLKR/CLKX 


description FK PACKAGE 
(TOP VIEW) 
The TCM29C13AM is a single-chip pulse-code- 


ae 
modulated encoder and decoder (PCM codec) Q ° 
and PCM line filter. This device provides all the SS BOG 
functions required to interface a_full-duplex 
(4-wire) voice telephone circuit with a 32 | 
time-division-multiplexed (TDM) system. Primary GSR |} 4 18L] ANLG IN— 


applications of the device includes: PDN [J] 5 17L] ANLG IN+ 


° Digital Encryption Systems pais : : ee rey iis 
¢ Digital Voice-Band Data Storage Systems PCM IN {18 141] TSX/DCLKX 


* Digital Signal Processing 9 1011 121 
(OPE! 2 ee BB 

This device is designed to perform the transmit WO Swe 
: > ge ge ee, 
encoding (A/D conversion) and receive decoding ‘ GAO 
(D/A conversion) as well as the transmit and cre = = 
receive filtering functions in a _pulse-code- LS A io 


modulated system. It is intended to be used at the 
analog termination of a PCM line or trunk. 


The TCM29C13AM provides the band-pass filtering of the analog signals prior to encoding and after decoding. 
This combination device performs the encoding and decoding of voice and call progress tones as well as 
supervision information. 


The TCM29C13AM is characterized for operation over the full military temperature range of —55°C to 125°C. 


y 


} 4 A Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device placed in conductive 
foam during storage or handling to prevent electrostatic damage to the MOS gates. 


PRODUCTION DATA information is current as of publication date. Products Copyright © 1991, Texas Instruments Incorporated 
conform to specifications per the terms of Texas Instruments standard 
warranty. Production processing does not necessarily include testing of all _ products conpliant to MIL-STD-883, Class B, all Joris 
parameters. re tested unlless otherwise noted. On all other products, Pe 
IN STRUM ENTS duction processing does not necessarily include A sh sp of all pa- 
rameters. 
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functional block diagram 


Transmit 
Section 
Auto Zero 


PCM OUT 
TSX/DCLKX 
ASEL 


Analog- 
Control FSX/TSXE 


CLKR/CLKX 


Sample and Successive Output 
Hold and DAC Comparator Approximation Register 


Receive pe 


Section CLKSEL 
Control 
Logic ‘Taye? 
PDN 


Digital- PCM IN 
Sample and to-Analog Input 
Hold and DAC Control Register 
Logic DCLKR 


Vcc VBB  ODGTL ANLG FSR/TSRE 
GND GND 


vy 
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ANLG GND 16 Analog ground return for all internal voice circuits. Not internally connected to D@2TL GND 

CLKSEL 6 Clock frequency selection. Input must be connected to Var, Vcc, or ground to reflect the master clock frequency. 
fixed-data-rate mode. When DCLKR is not connected to Vpp, the device operates in the variable-data-rate mode, 
distinguishes between signaling and nonsignaling frames by a double- or single-length pulse, respectively. In the 
analogous manner to, FSR/TSRE. The transmit channel enters the standby state when FSX is low for 300 ms. 
Receive PCM input. PCM datais clocked in on this terminal on eight consecutive negative transitions of the receive 
Power-down select. The device is inactive with a TTL low-level input to this terminal and active with a TTL 


Terminal Functions 

ANLG IN+ a Noninverting analog input to uncommitted transmit operational amplifier 

ANLG IN- 18 Inverting analog input to uncommitted transmit operational amplifier 
When tied to Vgp, clock frequency is 2.048 MHz. When tied to ground, clock frequency is 1.544 MHz. When tied 
to Voc, clock frequency is 1.536 MHz. 

DCLKR rf 
and DCLKR becomes the receive data clock, which operates at frequencies from 64 kHz to 2.048 MHz. 

DGTL GND 10 Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 
variable-data-rate mode, this signal must remain high for the duration of the time slot. The receive channel enters 
the standby state when FSR is TTL low for 300 ms. 
Input to the gain-setting network on the output power amplifier. Transmission level can be adjusted over a 12-dB 
range depending upon the voltage at GSR. 
Outputterminal of internal uncommitted operational amplifier. Internally, this is the voice signal input to the transmit 
data clock, which is CLKR in fixed-date-rate timing and DCLKR in variable-data-rate timing. 
Transmit PCM output. PCM data is clocked out on this output on eight consecutive positive transitions of the 
high-level input to the terminal. 
Noninverting output of power amplifier. Can drive transformer hybrids or high-impedance loads directly in either 


NAME NUMBER 

Receive and transmit master clock and data clock for the fixed-data-rate mode. Only master clock for 
variable-data-rate mode. 
Selects fixed or variable-data-rate operation. When this terminal is connected to Vpp, the device operates in the 

Frame synchronization clock input/time-slot enable for receive channel. In the fixed-data-rate mode, FSR 
Frame synchronization clock input/time-slot enable for transmit channel. Operates independently of, but in an 
filter. 
transmit data clock, which is CLKX in fixed-data-rate timing and DCLKX in variable-data-rate timing. 
a differential or a single-ended configuration. 


Inverting output of power amplifier; functionally identical with and complementary to PWRO+ 


ASEL 15 Used to select between A-law and p-law operation. When connected to Vpp, A-law is selected. When connected 
to Voc or ground, u-law is selected. 


Transmit channel time-slot strobe (output) or data clock (input) for the transmit channel. In the fixed-data-rate- 
mode, this terminal is an open-drain output to be used as an enable signal for a 3-state buffer. In the variable-data 
rate mode, DCLKX becomes the transmit data clock, which operates at TTL levels from 64 kHz to 2.048 MHz. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


GUBDIY VONSGG FANNIE, Mer MONG jain inin'e.s vb oe wcvidd eines + bale h oidlesle Vaag eh imlaturers —-0.3Vto 15V 
Pan EN PII MENS ey ax on ewe pew Se Fe 5 See OE ath sna Coed hie ee —0.3Vto 15 V 
FUE VORB OG ANG Mi > 529.6 lessens asin 0 Oa\0Fs ‘6. « in iced esa) oe SBI Eia Were aiaters umd a OCR eeRSie ee eaten —0.3Vto15V 
UAE ATT CUOAEICS VMI CEUINORIR ea ast onc sar blocs pW beicco ch Snel SRD RD RseCW Sco: wy eecermnepee ARIE koe OS —0.3Vto 15 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) .............. 1375 mW 
Operating rao-air fEMPErawure FANGE.5 6 bsic sai no as Sees wolpted ow'eaiva es Bink payee vee v wate —55°C to 125°C 
PND ROLY NOI SUMO LGRIO oe aise a vee 4 ee vc <0 006 eo 80 bd «ROR TE PR aa ote es —65°C to 150°C 
Case temperature tor 60 seconds: FiK package 150k ee ed oa eels 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ........... cee e eee 300°C 


NOTES: 1. Voltage values for maximum ratings are with respect to Vaz. 
2. For operation above 25°C free-air temperature, derate linearly to 275 mW at 125°C at the rate of 11.0 mW/°C. 


recommended operating conditions (see Note 3) 


[__DGTL GND voliage wih respectioANLGGNDSOSCSC~CSC“CSCSs~‘iYSC“‘(CSSCOC CdS CV 
[Vir High-level input voltage, allinputs except CLKSEL_——SCSC~“~S~“—sS*S*S*~“—s~C*~*~“‘—‘~srCiSSSCSC“‘“‘CqLCC* 
[Vit Low-level input voltage, allinputs except CLKSEL——SSSCSC~C~“SCS~“~S~“~“~“~—SSCSC‘C~“‘ 


For 2.048 MHz VBB Vpept+0.5 
For 1.544 Miz iL a ae a 
For 1.536 MHz Vcoc—0.5 Voc 


Operating free-air temperature -55 128 Pulses | 


oe 3. To avoid any possible damage and reliability problems to these CMOS devices when applying power, the following sequence should 
be followed: 
(1) Connect ground 
(2) Connect the most negative voltage 
(3) Connect the most positive voltage 
(4) Connect the input signals 
When powering down the device, follow the above steps in reverse order. If the above procedure cannot be followed, connect a diode 
between Vpp and digital ground, cathode to DGTL GND, anode to Vg. 
4. Voltages at analog inputs and outputs, Vcc, and Vpp terminals are with respect to ANLG GND. All other voltages are referenced to 
DGTL GND, unless otherwise noted. 


Clock select input voltage 


% 
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electrical characteristics over recommended operating free-air temperature range, Vcc = 5 V, 
Vep=-5V 


supply current, foc_LK = 2.048 MHz, outputs not loaded 


pratense TTIONS nx 
ee ai IE Ses oe 
mA 
[Power down |PONViaterius | 
Opens pnt, ine iver nage 
[Standby | FSXorFSRatVi afersoome | ~~~] ma 
[Powerdown _[PONVi.afieri0us | T 
Operating PRerT terrns mur eres? ete sel e eenAT 
Pp Power dissipation [Standby | FSX orFSRatvi afersoome |S 
[Powerdown [PONV afters | SSS 


Icc Supply current from Vcc 


IBB Supply current from Vep 


digital interface 


[ap PARAMEVER | TESTCOMDITIONS | MIN MAN) UNE 
Vou _High-leveloutputvotage ——=—=S«[POMOUT —=sé|_——=stg=-9.6mA | 24ST 
Ti High-level input current, any digitalinput | izSV TCA 
fiw ___Lowlevelinput current, any digitalinput | IOV] CSSA 
ca (eee | bee eo oa melon epee ee 
CR aa ae Ee See 
T Cj and Cp measurements are performed for the initial qualification only. Other measurements will be performed if a process or design change 
is made. 


transmit amplifier input 


[PARAMETER —~—~=~S*«dSC*~*‘“‘*~*iEST CONDITION ———SS*dYSCSIN SMA] UNIT 
[input current at ANLGINs, ANLGINS ____-|WecaivVieza7vSSSCSC*dSSSSSSCSC~—t OOM 
input ofset votage at ANLGINe _____‘|WizaatvVtoni7vSSSCSC~dS | 
Viz=217Vi02.17V, sine wave eee a 
igamanamet aoe anal ee ee 


receive filter output 


PARAMETER TEST CONDITIONS | MIN ———-MAX| UNIT 


Output offset voltage PWRO+ (single ended) Relative to ANLG GND 2 SE 
Output resistance at PWRO+ 
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gain and dynamic range, Vcc = 5 V, Vep = —5 V, Ta = 25°C (unless otherwise noted) (see Notes 5, 
6, and 7) 


PARAMETER TEST CONDITIONS | MIN = MAX] UNIT 


Encoder milliwatt response Signal input = 1.064 V rms for p-law, 02 0.4! dBmo 
(transmit gain tolerance) Signal input = 1.068 V rms for A-law ; 


Encoder milliwatt response variation Ta = —55°C to 125°C, Supplies = +5% 02 0.4 
with temperature and supplies 
Digital milliwatt response (receive tolerance gain) Output signal = 1 kHz dBmo 
relative to zero-transmission level point 
Digital milliwatt response variation ; 
9 she ee = oe Ta = —55°C to 125°C, Supplies = +5% 
with temperature and supplies 


NOTES: 5. Unless otherwise noted, the analog input is a 0-dBm0, 1020-Hz sine wave, where 0 dBm0 is defined as the zero-reference point of 
the channel under test. This corresponds to an analog signal input of 1.064 V rms or an output of 1.503 V rms. 
6. The input amplifier is set for unity gain, noninverting. The digital input is a PCM bit stream generated by passing a 0-dBm0, 1020-Hz 
sine wave through an ideal encoder. 
7. Receive output is measured single ended in the maximum-gain configuration. To set the output amplifier for maximum gain, GSR is 
connected to PWRO- and the output is taken at PWRO+. All output levels are (sin x)/x corrected. 


gain tracking over recommended operating free-air temperature range, reference level = —10 dBm0O, 
Vec =5 V, Vep =-5 V | 


[PARAMETER ——~=~=~*~*~tSC*‘“‘SCYESTICONDITIONS————~=«dYSMIN—~—=S&MAXY| CUNT 
se 
<< see ry 


Transmit gain tracking error, sinusoidal input 


016-40 dBm0 oS ane 
4010 =50 6Bm0 
=5010=55 dBm0 meee serry 


noise over recommended operating free-air temperature range, Vcc = 5 V, Vag =—-5 V 


PARAMETER TEST CONDITIONS | MIN == MAX] UNIT | 


<a ANLG IN+ = ANLG GND, 
Transmit noise, C-message weighted ANLG IN- = GSX dBrnCo 
Transmit noise, psophometrically weighted ce eae ane dBm0p 
Receive noise, C-message weighted quiet code snoniaal SLA gas dBrnCo 
; Input to PCM IN is zero code with sign bit 
Receive noise, C-message weighted sign bit toggled toggled at 1-kHz rate ee dBmCo 


Receive noise, psophometrically weighted PCM IN = lowest positive decode level dBmOp 


Receive gain tracking error, sinusoidal input 


4 
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power supply rejection and crosstalk attenuation over recommended operating free-air 
temperature range, Vcc = 5 V, Vag =-5 V 


anne scorns ne 
Vcc supply voltage rejection Idle channel, supply signal = 100 mV rms, ie Fees 
ratio, transmit channel f measured at PCM OUT ae  SOPRAS: 
Vp supply voltage rejection Idle channel, supply signal = 100 mV rms, eet. RR: 
ratio, transmit channel f measured at PCM OUT ee eee 


Voc supply voltage rejection ratio, Idle channel, supply signal = 100 mV rms, Et. Sree 
receive channel (single ended) [f= 12to50kHz | f measured at PWRO+ Be ara 
Vp supply voltage rejection ratio, Idle channel, supply signal = 100 mV rms, Ke See 
receive channel (single ended) |f=12to50kHz —_| f measured at PWRO+ eae 


ANLG IN+ = 0 dBm0, f = 1.02 kHz, unity gain, 
PCM IN = 1111 1111 (quiet code), 
measured at PWRO+ 


Crosstalk attenuation, receive-to-transmit (single ended) ig pahnes ates: Lp OUT aiania 92) Ves al 


distortion over recommended operating free-air temperature range, Vcc = 5 V, Veg =-5 V 


[PARAMETER ——~=S~S*C*drSC*C*~“*~*SEST'CONDITIONS =< MIN__—‘MAX “UNIT | 
[—ANIGINe = 0%0 -300Bm0_—-[ 4S 
[NIG INe= ~30%0 —40dBm0—| 28 
[ANIGIN = —40t0 —458m0—~| 8S 
[ANLGINe=Ot0 -20dBmo_——«[ eS 
[ANG INe= -30% -<0a8m0 | a8 
[ANLGINe= —40t0 —45dBm0—| 8 
[Transmit single Fequenoy dstonion products | _Inputsignal=odsmo_—=—=—=«dtSSCSC*~‘“~*~Y CO 
[Receive single-frequency distortion products | Inputsignal= 0 8mo__| =a | demo 


Crosstalk attenuation, transmit-to-receive (single ended) 


Transmit signal-to-distortion ratio, sinusoidal input 


Receive signal-to-distortion ratio, sinusoidal input 


& 
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transmit filter transfer over recommended operating free-air temperature range, Vcc = 5 V, 
Ves = —5 V (see Figure 1) 


[PARAMETER «| —=S=S=S=~*~*~*~CSESTCONDITINS OT SMIN, MAX] (UNIT | 
Input amplifier set for unity gain, 

Gain relative to gain at 1.02 kHz Noninverting maximum gain output, 
Input signal at ANLG IN+ is 0 dBmO 


receive filter transfer over recommended operating free-air temperature range, Vcc = 5 V, 
Vep = —5 V (see Figure 2) 


PARAMETER TEST CONDITIONS | MIN = MAX] UNIT 
Below 208 Hz 
208 He a See 


clock timing requirements over recommended operating free-air temperature range, Vcc = 5 V, 
Vep =—5 V (see timing diagrams) 


PARAMETER [MIN MAX] UNIT 
te(CLK) Clock period for CLKX, CLKR (2.048-MHz systems) i eal bees ee 


Gain relative to gain at 1.02 kHz Input signal at PCM IN is 0 dBm0 


ag 
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transmit timing requirements over recommended operating free-air temperature range, 
variable-data-rate mode, Vcc = 5 V, Vep =—5 V (See timing diagrams) 


PARAMETER [MIN MAX UNIT 
td(TSDx) _ Time-slot delay time from DCLKX (see Note 8) 140 td(DCLKx)—-140 Pas 


td(FSX) Frame sync delay time 100 te(CLK)—-100 ees 


propagation delay times over recommended ranges of operating conditions, fixed-data-rate mode, 
Vcc = 5 V, Veep =—5 V (see timing diagrams) 


PARAMETER TESTCONDITIONS | MIN = MAX|_-UNIT 
tpdi Propagation delay time CLKX high to PCM OUT data bit 1 valid C. = 0 to 100 pF ok Tn 2 ae nae 
tpd2 Propagation delay time CLKX bit n high to PCM OUT data bitn+1 valid | C_=0 to 100 pF ieee 

ns 


tods Propagation delay time CLKX bit 8 low to PCM OUT data bit 8 CL =0 60 D415 
at high impedance 
tpd4 Propagation delay time CLKX bit 1 high to TSX low Cy = 0 to 100 pF ieee 
tod5 Propagation delay time CLKX bit 8 low to TSX high 60 190 


propagation delay times over recommended ranges of operating conditions, variable-data-rate 
mode Vcc = 5 V, Vep = —5 V (See Note 9 and timing diagrams) 


par Datndeayimetom cue stoop CO 
ipso DatndeaytomtinesttdsaneroPomOuT | c=100eF | Oe 
ae 


todio -—~ Data delay time from FSX td(TSDX) = 80 ns 


receive timing requirements over recommended operating free-air temperature range, 
variable-data-rate mode, Vcc = 5 V, Vap = —5 V (See timing diagrams) | 


ao 
ee 


th(PCM IN) Hold time, PCM IN after bit 8) 


NOTES: 8. tes_x minimum requirement overrides the tg¢TSpx) Maximum requirement for 64-kHz operation. 
9. Timing parameters tpgg and tpgg are referenced to a high-impedance state. 


¥ 
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Clock Frequency Selection Requirements for DSP-Based Applications 


1. It should be noted that the clock frequency must be selected as follows: 


CLKR/CLKX 
CLKSEL (BETWEEN 1 MHz and 3 MHz) 


= (256) x (Frame Sync Frequency) 
= (193) x (Frame Sync Frequency) 
= (192) x (Frame Sync Frequency) 


e.g.; for Frame Sync Frequency = 9.6 kHz 


CLKR/CLKX 
Seaeere (BETWEEN 1 MHz and 3 MHz) 


= 2.4876 MH2 
=7.8528 M2 


2. Corner frequency at 8-kHz Frame Sync Frequency = 3 kHz 


Therefore, the corner frequency = (3/8) x (Frame Sync Frequency). (For nonstandard frame sync) 


4 
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NOTE: This is a typical transfer function of the receive filter component. 


Figure 2. Transfer Characteristics of the Receive Filter 
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Figure 3. Transmit Timing (Fixed-Data-Rate) 


NOTE: Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is indicated. 
tT Bit 1 = MSB = SIGN BIT and is clocked in first on PCM IN or clocked out first on PCM OUT. BIT 8 = LSB = Least Significant Bit and is clocked 
in last on PCM IN or is clocked out last on PCM OUT. 
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Figure 4. Receive Timing (Fixed-Data-Rate) 
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Figure 5. Transmit Timing (Variable-Data-Rate) 


NOTE: Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is indicated. 
t Bit 1 = MSB = SIGN BIT and is clocked in first on PCM IN or clocked out first on PCM OUT. BIT 8 = LSB = Least Significant Bit and is clocked 
in last on PCM IN or is clocked out last on PCM OUT. 
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Figure 6. Receive Timing (Variable-Data-Rate) 


NOTE: All timing parameters referenced to Vjy and Vj_ except togg and tpgg, which reference a high-impedance state. 
t Bit 1 = MSB = SIGN BIT and is clocked in first on PCM IN or clocked out first on PCM OUT. BIT 8 = LSB = Least Significant Bit and is clocked 


in last on PCM IN or is clocked out last on PCM OUT. 
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GENERAL OPERATION 


system reliability features 


The TCM29C13AM is powered up in four steps: 


Voc and Vpp supply voltages are applied. 

All clocks are connected. 

TTL high is applied to PDN. 

FSX and/or FSR synchronization pulses are applied. 


On the transmit channel, digital outputs PCM OUT and TSX are held ina high-impedance state for approximately 
four frames (500 us) after power up or application of Vgp or Vcc. After this delay, PCM OUT and TSX are 
functional and will occur in the proper time slot. The analog circuits on the transmit side require approximately 
60 ms to reach their equilibrium value due to the auto-zero circuit settling time. Thus valid digital information, 
such as for on/off hook detection, is available almost immediately, while analog information is available after 
some delay. 


To further enhance system reliability, PCM OUT and TSX will be placed in a high-impedance state approximately 
20 us after an interruption of CLKX. These interruptions could possibly occur with some kind of fault condition. 


power-down and standby operations 


To minimize power consumption, a power-down mode and three standby modes are provided. 


For power down, an external low signal is applied to PDN. It is not sufficient to remove the high voltage to PDN. 
Inthe absence ofa signal, PDN floats high, and the device remains active. In the power-down mode, the average 
power consumption is reduced to an average of 5 mW. 


The standby modes give the user the option of putting the entire device on standby or putting only the transmit 
channel on standby. To place the entire device on standby, both FSX and FSR are held low. For transmit-only 
operation, FSX is high and FSR is held low. For receive-only operation, FSR is high and FSX is held low. See 
Table 1 for power-down and standby procedures. 


Table 1. Power-Down and Standby Procedures 


TYPICAL POWER 
PROCEDURE CONSUMPTION DIGITAL OUTPUT STATUS 


| PDNlow = | ~~ 3mW___| TSX and PCM OUT are in a high-impedance state 
Entire device on standby FSX and FSR low TSX and PCM OUT are in a high-impedance state 


Only tranamit on standby FSX is low 40 mW TSX and PCM OUT are placed in a high-impedance state 
FSR is high within 300 ms 
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fixed-data-rate timing (see Figure 7) 


Fixed-data-rate timing is selected by connecting DCLKR to Vpp. It uses master clocks CLKX and CLKR, frame 
synchronizer clocks FSX and FSR, and output TSX. FSX and FSR are 8-kHz inputs that set the sampling 
frequency and distinguish between signaling and nonsignaling frames by their pulse durations. Data is 
transmitted on PCM OUT on the first eight positive transitions of CLKX following the rising edge of FSX. Data 
isreceived on PCM IN on the first eight falling edges of CLKR following FSX. A digital-to-analog (D/A) conversion 
is performed on the received digital word and the resulting analog sample is held on an internal sample-and-hold 
capacitor until transferred to the receive filter. 


CLKSEL is used to select the frequency of CLKX and CLKR. The TCM29C13AM fixed-data-rate mode can 
operate with frequencies of 1.536 MHz, 1.544 MHz, or 2.048 MHz. 
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Figure 7. Signaling Timing (Fixed-Data-Rate Only) 
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variable-data-rate timing 


Variable-data-rate timing is selected by connecting DCLKR to the bit clock for the receive PCM highway rather 
than to Vpp. It uses master clocks CLKX and CLKR, bit clocks DCLKX and DCLKR, and frame synchronization 
clocks FSX and FSR. 


Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied from 
64 kHz to 2.048 MHz. The bit clocks must be synchronous in the TCM29C13AM. Master clocks are restricted 
to frequencies of operation of 1.536 MHz, 1.544 MHz, or 2.048 MHz as in the fixed-data-rate timing mode. 


While FSX/TSXE input is high, PCM data is transmitted from PCM OUT onto the highway on the next eight 
consecutive positive transitions of DCLKX. Similarly, while the FSR/TSRE input is high, the PCM word is 
received from the highway by PCM IN on the next eight consecutive negative transitions of DCLKR. 


The transmitted PCM word will be repeated in all remaining time slots in the 125-us frame as long as DCLKX 
is pulsed and FSX is held high. This feature, which allows the PCM word to be transmitted to the PCM highway 
more than once per frame, if desired, is available only with variable-data-rate timing. Signaling is allowed only 
in the fixed-data-rate mode because the variable-data-rate mode provides no means with which to specify a 
signaling frame. 


asynchronous operation 


In order to avoid crosstalk problems associated with special interrupt circuits, the design of the TCM29C13AM 
includes separate digital-to-analog converters and voltage references on the transmit and receive sides to allow 
completely independent operation of the two channels. 


In either timing mode, the master clock, data clock, and time-slot strobe must be synchronized at the beginning 
of each frame. Specifically, in the variable-data-rate mode, the falling edge of CLKX must occur within ty(Fsx) 
ns after the rise of FSX, and the falling edge of DCLKX must occur within trspx ns after the rise of FSX. CLKX 
and DCLKX are synchronized once per frame but may be of different frequencies. The receive channel operates 
in a similar manner and is completely independent of the transmit timing (See variable-data-rate timing 
diagrams). This approach requires the provision of two separate master clocks but avoids the use of a 
synchronizer, which can cause intermittent data conversion errors. 


precision voltage references 


No external components are required with the devices to provide the voltage references. Voltage references that 
determine the gain and dynamic range characteristics of the device are generated internally. A difference in 
subsurface charge density between two suitably implanted MOS devices is used to derive a temperature and 
bias-stable reference voltage. These references are calibrated during the manufacturing process. Separate 
references are supplied to the transmit and receive sections, and each is calibrated independently. Each 
reference value is then further trimmed in the gain setting operational amplifiers to a final precision value. 
Manufacturing tolerances can be achieved of typically +0.04 dB in absolute gain for each half channel, providing 
the user a significant margin to compensate for error in other board components. 


conversion laws 


The TCM29C13AM provides terminal-selectable pu-law operation as specified by CCITT G.711 
recommendation. A-law operation is selected when ASEL is connected to Vpp. 


The y-law operation is effectively selected by not selecting A-law operation. If ASELis connected to Vcc or GND, 
the device is in y-law operation. 
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transmit operation 
transmit filter 


The input section provides gain adjustment in the pass band by means of an on-chip uncommitted operational 
amplifier. The load impedance to ground (ANLG GND) at the amplifier output (GSX) must be greater than 10 kQ 
in parallel with less than 50 pF. The input signal on ANLG IN+ can be either ac or de coupled. The input 
operational amplifier can also be used in the inverting mode or differential amplifier mode. 


A low-pass antialiasing section is included on the device. This section provides 35-dB attenuation at the 
sampling frequency. No external components are required to provide the necessary antialiasing function for 
the switched capacitor section of the transmit filter. 


A high-pass section configuration was chosen to reject low-frequency noise from 50- and 60-Hz power lines, 
17-Hz European electric railroads, ringing frequencies and their harmonics, and other low-frequency noise. 
Even with the high rejection at these frequencies, the sharpness of the band edge gives low attenuation at 
200 Hz. This feature allows the use of low-cost transformer hybrids without external components. 


encoding 


The encoder internally samples the output of the transmit filter and holds each sample on an internal 
sample-and-hold capacitor. The encoder performs an analog-to-digital conversion on aswitched capacitor array. 
Digital data representing the sample is transmitted on the first eight data clock bits of the next frame. 


The auto-zero circuit corrects for dc offset on the input signal to the encoder. The auto-zero circuit uses the sign 
bit averaging technique. The sign bit from the encoder output is long-term averaged and subtracted from the 
input to the encoder. All dc offset is removed from the encoder input waveform. 


receive operation 


decoding 


The serial PCM word is received at PCM IN on the first eight data clock bits of the frame. Digital-to-analog 
conversion is performed and the corresponding analog sample is held on an internal sample-and-hold capacitor. 
This sample is transferred to the receive filter. 


receive filter 


The receive section of the filter provides pass-band flatness and stop-band rejection that fulfills both the AT&T 
D3/D4 specification and CCITT recommendation G.712. The filter contains the required compensation for the 
(sin x)/x response of such decoders. 
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TCM29C14AM 


COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


D3725, FEBRUARY 1991—REVISED AUGUST 1991 


° Replaces Use of TCM2910A and TCM2911A 
in Tandem With TCM2912B/C 


° Reliable Silicon-Gate CMOS Technology 


° Low Power Consumption: 
Operating Mode... 80 mW Typical 
Power-Down Mode...5 mW Typical 


° Excellent Power Supply Rejection Ratio 
Over Frequency Range of 0 to 50 kHz 


° No External Components Needed for 
Sample, Hold, and Auto-Zero Functions 


® Precision Internal Voltage References 


° Meets CCITT/(D3/D4) Channel Bank 
Specifications 


° Loopback Test Capability and 8th-Bit 
Signaling 


description 


The TCM29C14AM is a single-chip pulse-code- 
modulated encoder and decoder (PCM codec) 
and PCM line filter. This device provides all the 
functions required to interface a_full-duplex 
(4-wire) voice telephone circuit with a 
time-division-multiplexed (TDM) system. This 
device is intended to replace the TCM2910A or 
TCM2911A in tandem with the TCM2912C. 
Primary applications of the device includes: 


® Line Interface for Digital Transmission 
and Switching of T1 Carrier, PABX, and 
Central Office Telephone Systems. 


Subscriber Line Concentrators 

Digital Encryption Systems 

Digital Voice-Band Data Storage Systems 
Digital Signal Processing 


J PACKAGE 
(TOP VIEW) 
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FK PACKAGE 
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N 
nh 
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25] ANLG IN+ 
24| |} ANLG GND 
23] NC 

22|| NC 

21|} SIGX/ASEL 
20[] TSX/DCLKX 
19] | PCM OUT 


NC—No internal connection 


This device is designed to perform the transmit encoding (A/D conversion) and receive decoding (D/A 
conversion) as well as the transmit and receive filtering functions in a pulse-code-modulated system. It is 
intended to be used at the analog termination of a PCM line or trunk. 


The TCM29C14AM provides the band-pass filtering of the analog signals prior to encoding and after decoding. 
This combination device performs the encoding and decoding of voice and call progress tones as well as the 


signaling and supervision information. 


The TCM29C14AM is characterized for operation over the full military temperature range of —55°C to 125°C. 


y 


é Mg 2 Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device placed in conductive 
foam during storage or handling to prevent electrostatic damage to the MOS gates. 


PRODUCTION DATA information is current as of publication date. Products Copyright © 1991, Texas Instruments Incorporated 
conform to specifications per the terms of Texas Instruments standard 
warranty. Production processing does not necessarily include testing of all Ti On products compliant to MIL-STD-883, Class B, all parameters 
parameters. EXAS are tested unless otherwise noted. On all other products, pro- 
] TS duction processing does not necessarily include testing of all 
NSTRUMEN parameters. 
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functional block diagram 


Transmit 
Section 
Auto Zero 


PCM OUT 
ANLG IN+ Sample and Successive Output sey 
Hold and DAC Approximation Register TSX/DCLKX 


SIGX/ASEL 


2 
ANLG IN- 


23 
GSX 
Analog- 
Reference to-Digital 
Control FSX/TSXE 
Logic CLKX 
Receive cour = 
Section 
CLKSEL 
Filter Control ——— 
GSR S$ LOOP 
Digital- PCM IN 
PWRO+ eS Sample and to-Analog 
Hold and DAC Control 
Logic DCLKR 
Vcc VBB  ODGTL ANLG FSR/TSRE 
GND GND 


Pin numbers shown are for the J package only. 


4 


TEXAS 
INSTRUMENTS 


4—46 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


| TCM29C14AM 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


Terminal Functions 


NAME NUMBER DESCRIPTION 


ANLGIN- 22 


CLKR 13 Receive master clock and data clock for the fixed-data-rate mode. Only receive master clock for variable-data-rate 
mode. 


Clock frequency selection. Input must be connected to Veg, Vcc, or ground to reflect the master clock frequency. 
When tied to Vgp, clock frequency is 2.048 MHz. When tied to ground, clock frequency is 1.544 MHz. When tied 
to Vcc, clock frequency is 1.536 MHz. 


Transmit master clock and data clock for the fixed-data-rate mode. Only transmit master clock for variable- 
data-rate mode. 


Selects fixed or variable data-rate operation. When this terminal is connected to Vpp, the device operates in the 
fixed-data-rate mode. When DCLKR is not connected to Vpp, the device operates in the variable-data-rate mode, 
and DCLKR becomes the receive data clock, which operates at frequencies from 64 kHz to 2.048 MHz. 


DGTL GND 12 Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 


FSR/TSRE 11 Frame synchronization clock input/time slot enable for receive channel. In the fixed-data-rate mode, FSR 
distinguishes between signaling and nonsignaling frames by a double- or single-length pulse, respectively. In the 
variable-data-rate mode, this signal must remain high for the duration of the time-slot. The receive channel enters 
the standby state when FSR is TTL low for 300 ms. 


Frame synchronization clock input/time-slot enable for transmit channel. Operates independently of, but in an 
analogous manner to, FSR/TSRE. The transmit channel enters the standby state when FSX is low for 300 ms. 


GSR 4 Input to the gain-setting network on the output power amplifier. Transmission level can be adjusted over a 12-dB 
range depending upon the voltage at GSR. 


GSX 23 Output terminal of internal uncommitted operational amplifier. Internally, this is the voice-signal input to the 
transmit filter. 

Receive PCM input. PCM datais clocked in on this terminal on eight consecutive negative transitions of the receive 
data clock, which is CLKR in fixed-date-rate timing and DCLKR in variable-data-rate timing. 


CLKSEL 


FSX/TSXE 15 


PCM IN 10 


PCM OUT 16 


Transmit PCM output. PCM data is clocked out on this output on eight consecutive positive transitions of the 
transmit data clock, which is CLKX in fixed-data-rate timing and DCLKX in variable-data-rate timing. 
Power-down select. The device is inactive with a TTL low-level input to this terminal and active with a TTL 
high-level input to the terminal. 


Inverting output of power amplifier; functionally identical with and complementary to PWRO+. 


Signaling bit output, receive channel; in a fixed-data-rate mode, outputs the logical state of the 8th bit (LSB) of 
the PCM word in the most recent signaling frame. 

Used to select between A-law and u-law operation. When connected to Vgp, A-law is selected. When connected 
to Vcc or ground, y-law is selected. When not connected to Vp, it is a TTL-level input that is transmitted as the 
eighth bit (LSB) of the PCM word during signaling frames on PCM OUT. 
Transmit channel time-slot strobe (output) or data clock (input) for the transmit channel. In the fixed-data-rate 
mode, this terminal is an open-drain output to be used as an enable signal for a 3-state buffer. In the variable-data- 
rate mode, DCLKX becomes the transmit data clock, which operates at TTL levels from 64 kHz to 2.048 MHz. 


VBB 1 Most negative supply voltage; input is —5 V +5%. 
Vcc Most positive supply voltage; input is 5 V +5%. 


PWRO + 2 Noninverting output of power amplifier. Can drive transformer hybrids or high-impedance loads directly in either 
a differential or a single-ended configuration. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SM ear Wie FIs Weis AUR MOE OTS. 55 5a 9 i a ve) Kea etaes GA os ac 2 Pee Poe eee Be —-0.3Vto15V 
PONE WON FI Cas wtacaeie gta ck Woe AG bi 9 8 gE RE TOTES Fae 0k ¥ Dan ees ee —0.3Vto15V 
aE ORIN RUN NEE 58 ng irc tig oi dh CRs ALS oki GTO eats oo e —-0.3Vto 15 V 
BLS peice ig o's) oo "BT ye! TRS peaegec le aeRean Ree Bg Be RSlAR RODD ART, 1th acti ie OR Rieger IY SET SAME EE -—0.3Vto 15V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) .............. 1375 mW 
Operaingd 1rae-air 1OMPOratsre JANOS oie esis vee ve ove ein nnn bee Oe a E> Weed an os 6 Ole —55°C to 125°C 
oMebr anaes SET NAAN ERP 2536. 0G ara pias re 54k Ne neo ak OLR so <p ENRAO Ton Ss SARs —65°C to 150°C 
Dane temoeraiile tir G0. SOCUrie: Ft DACKAOG  b. 5. x sc «ibd fis so a.a paved owe eles Sa eee aa aes 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package .............0eeeeaee 300°C 


NOTES: 1. Voltage values for maximum ratings are with respect to Vaz. 
2. For operation above 25°C free-air temperature, derate linearly to 275 mW at 125°C at the rate of 11.0 mW/°C. 


recommended operating conditions (see Note 3) 


For 2.048 MHz 
Clock select input voltage For 1.544 MHz 
For 1.536 MHz 
TA Operating free-air temperature 
NOTES: 3. To avoid any possible damage and reliability problems to these CMOS devices when applying power, the following sequence should 
be followed: 


(1) Connect ground 

(2) Connect the most negative voltage 

(3) Connect the most positive voltage 

(4) Connect the input signals 
When powering down the device, follow the above steps in reverse order. If the above procedure cannot be followed, connect a diode 
between Vpp and digital ground, cathode to DGTL GND, anode to Vaz. 

4. Voltages at analog inputs and outputs, Voc, and Vgp terminals are with respect to ANLG GND. All other voltages are referenced to 

DGTL GND, unless otherwise noted. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


supply current, foc_K = 2.048 MHz, outputs not loaded 


[PARAMETER ——=S=~*~“~*~“‘*~rtCSC*S*C*SEST CONDITIONS [WIN MAX] “UNIT 
ic | ease Pen ene 

mA 
[Power down | PONVix (after300ms)_ | 
Operating ea 

=| mA 


Supply current from Voc 


Supply current from Vee 


Operatin oe ee eee 
Power dissipation Standby FSX orFSRat Vii (aters00ms) [tS | mW 
Power down 


PDN ViL (after 300 ms) 


digital interface 


[PARAMETER —~—=~S~S~S~SYCSTEST CONDITIONS [MIN MAX] UNIT 
[Vou Low-level output votage atPOMOUT TSX ———~—S*d Ct Sama «dT SSCSC~—t YC 
‘ity High-level input current any aigtal input ————~«dti=Veo dP 
So lad sil ae Sd alae iS AR ee 
i. tiene. eee 


t Cj and Cg measurements are performed for initial qualification only. Other measurements will be performed if a process or design change is made. 


transmit amplifier input 


[PARAMETER —~=S=~*~wtC“‘CS*C*C‘SYEST'CONDITION———~=«SWIN «MAX CUNT 
[input curent tANLG Ne, ANLGIN= _——+([Wi==2a7Vieat7V—SSSCSC~*dSCSCSCSC~*~S TOO 
input ofset voltage at ANLG Ns, ANLGIN= ____|Vj==217Vieat7V_——SOSOS~S~SCSSSSSSCSCS~S~« BY 
[Common-mode rejection at ANLG INs, ANUGIN- _|Vi==2.17Vto217V,Shewave «(| 80SSOSCS~*wYC 
(etc °c. 1 Sena a ea RI WE AIRES 


receive filter output 


PARAMETER TEST CONDITIONS 
Output offset voltage PWRO+, PWRO- (single ended) Relative to ANLG GND 


Output resistance at PWRO+, PWRO- Gicad Bieacoas Eiier oe 
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gain and dynamic range, Vcc = 5 V, Vep = —5 V, Ta = 25°C (unless otherwise noted) (see Notes 5, 
6, and 7) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 

Encoder milliwatt response Signal input = 1.064 V rms for u-law, a6 0.4| dBmo 
(transmit gain tolerance) Signal input = 1.068 V rms for A-law 
Encoder milliwatt response Tp =—55°C to 125°C, Supplies = +5% 02 
(nominal supplies and temperature) 
Digital milliwatt response (receive tolerance gain) Signal input per CCITT G.711, 

; gon ; F dBm0 
relative to zero-transmission level point Output signal = 1 kHz 
Digital milliwatt response variation Tp =—55°C to 125°C, Supplies = +5% 
with temperature and supplies 
Zero-transmission-level point, 

; R_ = 600 Q 

transmit channel (0 d8m0) 


Zero-transmission-level point, 
receive channel (0 dBm0) 
NOTES: 5. Unless otherwise noted, the analog input is a 0-dBm0, 1020-Hz sine wave, where 0 dBm0 is defined as the zero-reference point of 
the channel under test. This corresponds to an analog signal input of 1.064 V rms or an output of 1.503 V rms. 
6. The input amplifier is set for unity gain, noninverting. The digital input is a PCM bit stream generated by passing a 0-dBm0, 1020-Hz 
sine wave through an ideal encoder. 


7. Receive output is measured single ended in the maximum-gain configuration. To set the output amplifier for maximum gain, GSR is 
connected to PWRO- and the output is taken at PWRO+-. All output levels are (sin x)/x corrected. 


gain tracking over recommended ranges of supply voltage and operating free-air temperature, 
reference level = -10 dBm0 


[PARAMETER ——~=S~*~drSCSC*“‘“‘*‘*WESTICONDITIONS—~SdSWIN MAX] UNIT 
ia Beer 

ae ena ee ie 
OPERONS TL Re TS 
Sa aN ET 


noise over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER TEST CONDITIONS | MIN = MAX| UNIT 


bees, ANLG IN+ = ANLG GND, 
Transmit noise, C-message weighted ANLG IN— = GSX dBrnCo 
eege ; : ANLG IN+ = ANLG GND, 
bo pee tee leads weighted with ANLG IN- = GSX, 13 | dBrnco 
9 9 9 6th frame signaling 
LE ANLG IN+ = ANLG GND, 
Transmit noise, psophometrically weighted ANLG IN- = GSX dBmOp 


PCM IN = 11111111 (u-law) 
Receive noise, C-message weighted quiet code PCM IN = 10101010 (A-law) 14 | dBrnCo 
measured at PWRO+ 
: ‘ : : Input to PCM IN is zero code with sign bit 
Receive noise, C-message weighted sign bit toggled toggled at 1-kHz rate dBmCo 


Receive noise, psophometrically weighted PCM IN = lowest positive decode level dBmOp 


Transmit gain tracking error, sinusoidal input 


Receive gain tracking error, sinusoidal input 
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power supply rejection and crosstalk attenuation over recommended ranges of supply voltage and 
operating free-air temperature 


PARAMETER TEST CONDITIONS | MIN = -MAX| UNIT | 


Vcc supply voltage rejection f = 0.375 to 12 kHz | Idle channel, supply signal = 100 mV rms, 


ratio, transmit channel f = 12 to 50 kHz f measured at PCM OUT 
VBB supply voltage rejection f = 0.375 to 12 kHz | Idle channel, supply signal = 100 mV rms, 
ratio, transmit channel f = 12 to 50 kHz f measured at PCM OUT 


Vcc supply voltage rejection ratio, | f = 0.375 to 12 kHz | Idle channel, supply signal = 100 mV rms, eee ee 


receive channel (single ended) = 12to [f=12to50kHz | kHz |f=12to50kHz | narrow band, f measured at PWRO+ RE eer 


Veep supply voltage rejection ratio, | f = 0.375 to 12 kHz | Idle channel, supply signal = 100 mV rms, 
receive channel (single ended) = 12to If=12to50kHz kHz If=12to50kHz | narrow band, f measured at PWRO+ 
ANLG IN+ = 0 dBm0, f = 1.02 kHz, unity gain, 


Crosstalk attenuation, transmit-to-receive (single ended) | PCM IN = lowest decode level, 
Measured at PWRO+ 


; ay PCM IN = 0 dBm0O, f = 1.02 kHz, 
Crosstalk attenuation, receive-to-transmit (single ended) ANLG IN = GND. Measured at PCM OUT 


distortion over recommended ranges of supply voltage and operating free-air temperature 


[PARAMETER ——~=S~S=~«dtCSC*~*~CSESTCONDITIONS ———=SdSIN SAX] CUNT 
[_ANIG IN =010 -s0dBmO—s«d| se 

[_ANLGIN= ~30%0 -40d8m0-| 28S 

[_ANLGINe= —40t0 —45Bm0—| 

I ae aa ae Ae RTC TE LR EE 

io, si 

Renate sigs cistron rao, sinpoksbitey ANLGINe=—30t0 -40dBm0 | 28 SS~*™S 
[_ANLGINe= —40t0 —45<dBm0—| 8S 

[Transmit single-Requency dsiowion products | _Inputsignal=0dBmo === SCSSSCSC*~S | (BO 

[Receive single-frequency distortion products | _Inputsignal= demo | 48 | amo 1 


Transmit signal to distortion ratio, sinusoidal input 
(CCITT G.712 — Method 2) 
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transmit filter transfer over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 1) 


[PARAMETER ———=«SS*~*~*SCSESTCONDITIN SSCSC*dSCSIN AX] CUNT 
hele waRart | ecm agunSod 
Cid ey SRR 
62 He 
[a6 ktizandabove [SC 


receive filter transfer over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 2) 


[PARAMETER ‘| ~—~—~—~—~—STESTCONDITIONS ———=~S~*~*~SCSN SMX] CNT 
aoe. | eee ieata 
[aki andabove [30 


clock timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see timing diagrams) 


Input amplifier set for unity gain, 
Noninverting maximum gain output, 
Input signal at ANLG IN+ is 0 dBm0 


Gain relative to gain at 1.02 kHz 


Gain relative to gain at 1.02 kHz Input signal at PCM IN is 0 dBm0O 


PARAMETER TWIN MAX] UNIT 
te(CLK) Clock period for CLKX, CLKR (2.048-MHz systems) eas os 


transmit timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, fixed-data-rate mode (see timing diagrams) 


PARAMETER [win MAX] UNIT 
ta(FSX Frame sync delay time 100 te(CLK)—100 


th(SIGX) Hold time after Bit 8 falling edge 
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propagation delay times over recommended ranges of operating conditions, fixed-data-rate mode, 
(see timing diagrams) 


PARAMETER TESTCONDITIONS | MIN = MAX|_UNIT 
From rising edge of transmit clock to Bit 1 data valid at PCM OUT 2 
‘pdt (data enable time on time slot-entry) (see Note 8) Cap he sad a 
From rising edge of transmit clock Bit n to Bit n+1 data valid at 
ol 


' From falling edge of transmit clock Bit 8 to Bit 8 Hi-Z at PCM OUT 
pds (data float time on time-slot exit) (see Note 8) 


From rising edge of transmit clock Bit 1 to TSX active (low) 4; 
‘pda (time-slot enable time) rh tle ioe al “ 


t From falling edge of transmit clock Bit 8 to TSX inactive (high) 
PdS —(time-slot disable time) (see Note 8) 


tpdg From rising edge of channel time slot to SIGR update SRD yg. pe ie eee ee 


NOTE 8: Timing parameters tpq1, tpd3, and tos are referenced to the high-impedance state. 


receive timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, fixed-data-rate mode (see timing diagrams) 


PARAMETER 


td(FSR) Frame sync delay time 100 te(CLK)-100 ioe 


transmit timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, variable-data-rate mode (see timing diagrams) 


PARAMETER win WAX [UNIT 


ta(TSDX) _Time-slot delay time from DCLKX (see Note 9) 140 tg(DCLKx)-140 = 
td(FSX) Frame sync delay time 100 te(CLK)-100 eS 
Re. ime 


te(DCLKX) Clock period for DCLKX 


NOTE 9: tFs_x minimum requirement overrides the tg¢TSpx) Maximum requirement for 64-kHz operation. 


propagation delay times over recommended ranges of operating conditions, variable-data-rate 
mode (see Note 10 and timing diagrams) 


[PARAMETER ——~—~=S~S*~*~*~SCS*~C*SEST CONDITIONS «MIN __—~MAXY: UNIT 
par Datadaaytine rom OcUK «| ~<a wtp «| —«OY tm 
pao DataceaytomtnesbrenabewePOMOUT | ____=0w er -| oat re 
neo Daa delay fon inesiotdaabotoPOMOUT | ____.=0w100eF | > —eo| ma 
pat DaladeaytmeremFSX | are = 8mm Ye 


NOTE 10:Timing parameters tpgg and tpg are referenced to a high-impedance state. 


receive timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, variable-data-rate mode (see timing diagrams) 


PARAMETER Twin WAX UNIT 
td(TSDR) Time-slot delay time from DCLKR 140 tq(DCLKR)-140 
td(FSR) Frame sync delay time 100 te(CLK)—100 


tc(DCLKR) Data clock frequency 


tsu(PCM IN) Setup time, PCM IN high before CLKR| 


th(PCM IN) Hold time, PCM IN high after CLKR{ 
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CLKR and CLKX Selection Requirements for DSP-Based Applications 


1. It should be noted that the CLKX, CLKR, CLK must be selected as follows: 


CLKR and CLKX 
CLKSEL (BETWEEN 1 MHz to 3 MHz) 
= (256) x (Frame Sync Frequency) 
= (193) x (Frame Sync Frequency) 


= (192) x (Frame Sync Frequency) 


= 2.4576 MHz 
= 1.8528 MHz 
= 1.8432 MHz 


2. Corner frequency at 8-kHz Frame Sync Frequency = 3 kHz 


Therefore, the corner frequency = (3/8) x (Frame Sync Frequency). (For nonstandard frame sync) 
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Figure 1. Transfer Characteristics of the Transmit Filter 
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Gain Relative to Gain at 1 kHz — db 


+2 +2 


+1 0.15 dB +1 


3000 Hz 
0.15 dB 0.15 dB 
200 Hz 300 Hz 0.13 dB 


3300 Hz 0 
0 -—0.10 dB 
3400 Hz 
-0.5 dB —0.15 dB -0.15 dB 
200 Hz 


300 Hz 3000 Hz 
-—0.35 dB 
cd, 3300 Hz = 
-1 dB 
3400 Hz 
0 0 
~10 -10 
-14dB 
4000 Hz 
—20 —20 
-30 dB 
4800 Hz 
-30 —30 
-—40 -—40 
-50 — -50 


100 1k 10k 


Frequency — Hz 


NOTE: This is a typical transfer function of the receive filter component. 
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Figure 2. Transfer Characteristics of the Receive Filter 
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ee ie eee 


CLKX | 4 | 2 3 4 5 6 7 @ 
a ! ! | | | 
taFsxy >| = > I taesK) tr oe ee 
(nonsignaling (oF — JeCik) 
frames 
ew i ta(FSX) —>| j& tarsx) 


FSX 
(signaling 


frames) 


FRAME SYNCHRONIZATION TIMING 


CLKX 


PCM OUT 


TSX ! i 
th(sIGX) — 1 tnsiex 


SIGX Don’t Care Valid Don’t Care 


OUTPUT TIMING 
Figure 3. Transmit Timing (Fixed-Data-Rate) 


NOTE: Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is indicated. 
Tt Bit 1 = MSB = SIGN BIT and is clocked in first on PCM IN or clocked out first on PCM OUT. BIT 8 = LSB = Least Significant Bit and is clocked 
in last on PCM IN or is clocked out last on PCM OUT. 
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CLKR : 1 | 2 : : 3 4 : | 5 | 6 7 8 
I 
ta(FSR) > j&- By [“ta(FsR)| — et to a J tw/CLk) 
FSR 
(nonsignaling | (-—_————_ Pr —— eiclis 
frames | 


| | 
ae —> - taesr) sy I ta(FSR) 
(signaling VAs \ 
frames 
FRAME SYNCHRONIZATION TIMING 


Time Slot N 9 


CLKR 1 2 3 4 5 6 7 8 


tsu(PCM IN) — 
It ie them IN) tas 


PCM IN 
Bit 17 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 Bit 8 7 
Valid Valid Valid Valid Valid Valid Valid Valid 
SIGR Valid x Valid 
INPUT TIMING 


Figure 4. Receive Timing (Fixed-Data-Rate) 


Ine Slot. OO 


FSX | / \ 
| 
<> tars 7 
mn | — P arma Y apg Y eis, te Ri Y ames, * sala. Y cane \ 
REA A he EN Ne FB OF RAR oe ee 
ee A ee —/ | , ee a ae , ae —/ | 
—> ‘4 taFsx) | l 
cr‘ cr‘ cr‘ rr cr‘ rr“ rN cr‘ mei ral 4 
CLKX | Poe So Pie ee he OO. ¢ Be AS OAS PO aR ee eee ae a ee 
ae : , ee Nef , Ee | , ae ae Nee | ee Neen ae 
—> 14 thas | | 
—> | ¢—tpato —> i+ tpa7 tpdg — <+— 


PCM OUT a a gig Bit2 X Bits X Bits X Bits X Bité X Bit7 X_ Bitst pees 
, IE 6, ESAS fb Ca 2 SS 2 ee RS Pe ee 


Figure 5. Transmit Timing (Variable-Data-Rate) 


NOTE: Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is indicated. 
t Bit 1 = MSB = SIGN BIT and is clocked in first on PCM IN or clocked out first on PCM OUT. BIT 8 = LSB = Least Significant Bit and is clocked 
in last on PCM IN or is clocked out last on PCM OUT. 
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Figure 6. Receive Timing (Variable-Data-Rate) 


NOTE: All timing parameters referenced to Vjy and Vj_ except tpgg and tpgg, which reference a high-impedance state. 
T Bit 1 = MSB = SIGN BIT and is clocked in first on PCM IN or clocked out first on PCM OUT. BIT 8 = LSB = Least Significant Bit and is clocked 


in last on PCM IN or is clocked out last on PCM OUT. 
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GENERAL OPERATION 


system reliability features 


The TCM29C14AM is powered up in four steps: 


Voc and Vpp supply voltages are applied. 

All clocks are connected. 

TTL high is applied to PDN. 

FSX and/or FSR synchronization pulses are applied. 


On the transmit channel, digital outputs PCM OUT and TSX are held ina high-impedance state for approximately 
four frames (500 us) after power up or application of Vp or Vcc. After this delay, PCM OUT, TSX, and signaling 
are functional and will occur in the proper time slot. The analog circuits on the transmit side require approximately 
60 ms to reach their equilibrium value due to the auto-zero circuit settling time. Thus valid digital information, 
such as for on/off hook detection, is available almost immediately, while analog information is available after 
some delay. i 


On the receive channel, the digital output SIGR is also held low for a maximum of four frames after power up 
or application of Veg or Voc. SIGR will remain low until it is updated by a signalling frame. 


To further enhance system reliability, PCM OUT and TSX will be placed in a high-impedance state approximately 
20 us after an interruption of CLKX. SIGR will be held low approximately 20 us after an interruption of CLKR. 
These interruptions could possibly occur with some kind of fault condition. 


power-down and standby operations 


To minimize power consumption, a power-down mode and three standby modes are provided. 


For power down, an external low signal is applied to PDN. It is not sufficient to remove the high voltage to PDN. 
Inthe absence of asignal, PDN floats high, and the device remains active. In the power-down mode, the average 
power consumption is reduced to an average of 5 mW. 


The standby modes give the user the option of putting the entire device on standby, putting only the transmit 
channel on standby, or putting only the receive channel on standby. To place the entire device on standby, both 
FSX and FSR are held low. For transmit-only operation, FSX is high and FSR is held low. For receive-only 
operation, FSR is high and FSX is held low. See Table 1 for power-down and standby procedures. 


Table 1. Power-Down and Standby Procedures 


DEVICE STATUS PROCEDURE bigs Ulabaie DIGITAL OUTPUT STATUS 
IRS a ae PDN low 3 mW TSX and PCM OUT are in a high-impedance state; 
SIGR goes to low within 10 us. 

FSX and TSX and PCM OUT are in a high-impedance state; 
Boe SENS OD SLAP EDY FSR are low SIGR goes to low within 300 ms. 
Only transmit on standby ae : a Aa septate OUT are placed in a high-impedance state 

‘ FSR is low : ; weet, ei 

Only receive on standby FSX is high 30 mW SIGR is placed in a high-impedance state within 300 ms. 
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EAE TEEN SP eS SF ER LTS ORT DS ES ERE BSS REE ee OS REE MS RG ITF SS SIT A ENR OL AL TE ES AEST ELE 
fixed-data-rate timing (see Figure 7) 


Fixed-data-rate timing is selected by connecting DCLKR to Vpp. It uses master clocks CLKX and CLKR, frame 
synchronizer clocks FSX and FSR, and output TSX. FSX and FSR are 8-kHz inputs that set the sampling 
frequency and distinguish between signaling and nonsignaling frames by their pulse durations. A frame 
synchronization pulse one master clock period long designates anonsignaling frame, while a double-length sync 
pulse enables the signaling function. Data is transmitted on PCM OUT on the first eight positive transitions of 
CLKX following the rising edge of FSX. Data is received on PCM IN on the first eight falling edges of CLKR 
following FSR. A digital-to-analog (D/A) conversion is performed on the received digital word and the resulting 
analog sample is held on an internal sample-and-hold capacitor until transferred to the receive filter. 


The TCM29C14AM clock selection terminal (CLKSEL) is used to select the frequency of CLKX and CLKR and 
the fixed-data-rate mode can operate with frequencies of 1.536 MHz, 1.544 MHz, or 2.048 MHz. 
192/193/256 
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Figure 7. Signaling Timing (Fixed-Data-Rate Only) 


EXAS wy 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 4-61 


TCM29C14AM ts | 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


variable-data-rate timing 


Variable-data-rate timing is selected by connecting DCLKR to the bit clock for the receive PCM highway rather 
than to Vez. It uses master clocks CLKX and CLKR, bit clocks DCLKX and DCLKR, and frame synchronization 
clocks FSX and FSR. 


Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied from 
64 kHz to 2.048 MHz. The bit clocks must be synchronous in the TCM29C14AM. Master clocks are restricted 
to frequencies of operation of 1.536 MHz, 1.544 MHz, or 2.048 MHz as in the fixed-data-rate timing mode. 


While FSX/TSXE input is high, PCM data is transmitted from PCM OUT onto the highway on the next eight 
consecutive positive transitions of DCLKX. Similarly, while the FSR/TSRE input is high, the PCM word is 
received from the highway by PCM IN on the next eight consecutive negative transitions of DCLKR. 


The transmitted PCM word will be repeated in all remaining time slots in the 125-us frame as long as DCLKX 
is pulsed and FSX is held high. This feature, which allows the PCM word to be transmitted to the PCM highway 
more than once per frame, if desired, is available only with variable-data-rate timing. Signaling is allowed only 
in the fixed-data-rate mode because the variable-data-rate mode provides no means with which to specify a 
signaling frame. 


signaling 


The TCM29C14AM provides 8th-bit signaling in the fixed-data-rate timing mode. Transmit and receive signaling 
frames are independent of each other and are selected by a double-width frame sync pulse on the appropriate 
channel. During a transmit signaling frame, the signal present on SIGX is substituted for the least significant bit 
(LSB) of the encoded PCM word. In a receive signaling frame, the codec will decode the seven most significant 
bits in accordance with CCITT G.733 recommendations, and output the logical state of the LSB on SIGR until 
itis updated in the next signaling frame. Timing relationships for signaling operations are shown in Figure 9. The 
signaling path is used to transmit digital signaling information such as ring control, rotary dial pulses, and off-hook 
and disconnect supervision. The voice path is used to transmit prerecorded messages as well as the call 
progress tones; dial tone, ring-back tone, busy tone, and reorder tone. 


asynchronous operation 


The TCM29C14AM can be operated with asynchronous clocks in either the fixed- or variable-data-rate modes. 
In order to avoid crosstalk problems associated with special interrupt circuits, the design of the TCM29C14AM 
includes separate digital-to-analog converters and voltage references on the transmit and receive sides to allow 
completely independent operation of the two channels. 


In either timing mode, the master clock, data clock, and time-slot strobe must be synchronized at the beginning 
of each frame. Specifically, in the variable-data-rate mode, the falling edge of CLKX must occur within tq(Fgx) 
ns after the rise of FSX, and the falling edge of DCLKX must occur within ty¢¢gpx) ns after of the rise of FSX. 
CLKX and DCLKX are synchronized once per frame but may be of different frequencies. The receive channel 
operates in a similar manner and is completely independent of the transmit timing (See variable-data-rate timing 
diagrams). This approach requires the provision of two separate master clocks but avoids the use of a 
synchronizer, which can cause intermittent data conversion errors. 
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analog loopback 
A distinctive feature of the TCM29C14AM is its analog loopback capability. With this feature, the user can test 
the line circuit remotely by comparing the signals sent into the receive channel (PCM IN) with those generated 
on the transmit channel (PCM OUT). The test is accomplished by sending a control signal that internally 
connects the analog input and output ports. When ANLG LOOP is TTL high, the receive output (PWRO+) is 


internally connected to ANLG IN+, GSR is internally connected to PWRO-, and ANLG IN- is internally 
connected to GSX (see Figure 8). 


poo 
| ANLG | 
ANLG IN- GSX LOOP | 
| rena | PCM 
| OUT 
Transmit ! pen PP. Digitized PCM 
l x ANLG | Loopback 
l IN+ l Response 
| | 
| | 
| | 
| | 
‘ | PCM 
PWRO+ IN 
| i a D/A Digitized PCM 
PWRO- EER 7 Test Tone 
: GSR 7 
Usa ce sae: ti: sin wr ci: sem als igh ets in: Sil nh A Sin Cis UN eels, pln te <ul al 


Figure 8. TCM29C14AM Analog Loopback Configuration 


Due to the difference in the transmit and receive transmission levels, a 0-dBm0 code into PCM IN will emerge 
from PCM OUT as a 3-dBm0 code, an implicit gain of 3 dB. Because of this, the maximum signal that can be 
tested by analog loopback is 0 dBm0. 


precision voltage references 


No external components are required with the devices to provide the voltage references. Voltage references that 
determine the gain and dynamic range characteristics of the device are generated internally. A difference in 
subsurface charge density between two suitably implanted MOS devices is used to derive a temperature and 
bias-stable reference voltage. These references are calibrated during the manufacturing process. Separate 
references are supplied to the transmit and receive sections, and each is calibrated independently. Each 
reference value is then further trimmed in the gain setting operational amplifiers to a final precision value. 
Manufacturing tolerances can be achieved of typically + 0.04 dB in absolute gain for each half channel, providing 
the user a significant margin to compensate for error in other board components. 
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conversion laws 


The TCM29C14AM provides terminal-selectable u-law operation as specified by CCITT G.711 
recommendation. A-law operation is selected when ASEL is connected to Vez. Signaling is not allowed during 
A-law operation. 


The p-law operation is effectively selected by not selecting A-law operation. If ASEL is connected to Voc or GND, 
the device is in p-law operation. If u-law operation is selected, SIGX is a TTL-level input that can be used in the 
fixed-data-rate timing mode to modify the LSB of the PCM OUT signaling frames. 


transmit operation 


transmit filter 


The input section provides gain adjustment in the pass band by means of an on-chip uncommitted operational 
amplifier. The load impedance to ground (ANLG GND) at the amplifier output (GSX) must be greater than 10 kQ 
in parallel with less than 50 pF. The input signal on ANLG IN+ can be either ac or dc coupled. The input 
operational amplifier can also be used in the inverting mode or differential amplifier mode. 


A low-pass antialiasing section is included on the device. This section provides 35-dB attenuation at the 
sampling frequency. No external components are required to provide the necessary antialiasing function for 
the switched capacitor section of the transmit filter. 


The pass-band section provides flatness and stop-band attenuation that fulfills the AT&T D3/D4 channel bank 
transmission specification and CCITT recommendation G.712. The device specifications meet or exceed digital 
class 5 central office switching systems requirements. 


A high-pass section configuration was chosen to reject low-frequency noise from 50- and 60-Hz power lines, 
17-Hz European electric railroads, ringing frequencies and their harmonics, and other low-frequency noise. 
Even with the high rejection at these frequencies, the sharpness of the band edge gives low attenuation at 
200 Hz. This feature allows the use of low-cost transformer hybrids without external components. 


encoding 


The encoder internally samples the output of the transmit filter and holds each sample on an internal sample- 
and-hold capacitor. The encoder performs an analog-to-digital conversion on a switched capacitor array. Digital 
data representing the sample is transmitted on the first eight data clock bits of the next frame. 


The auto-zero circuit corrects for dc offset on the input signal to the encoder. The auto-zero circuit uses the sign 
bit averaging technique. The sign bit from the encoder output is long-term averaged and subtracted from the 
input to the encoder. All dc offset is removed from the encoder input waveform. 


receive operation 


decoding 


The serial PCM word is received at PCM IN on the first eight data clock bits of the frame. Digital-to-analog 


conversion is performed and the corresponding analog sample is held on an internal sample-and-hold capacitor. 


This sample is transferred to the receive filter. 


receive filter 


The receive section of the filter provides pass-band flatness and stop-band rejection that fulfills both the AT&T 


D3/D4 specification and CCITT recommendation G.712. The filter contains the required compensation for the 
(sin x)/x response of such decoders. 
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receive output power amplifiers 
A balanced output amplifier is provided to allow maximum flexibility in output configuration. Either of the two 
outputs can be used single ended (i.e., referenced to ANLG GND) to drive single-ended loads. Alternatively, the 
differential output will directly drive a bridged load. The output stage is capable of driving loads as low as 300 Q 
single ended to a level of 12 dBm of 600 Q differentially to a level of 15 dBm. 


The receive channel transmission level may be adjusted between specified limits by manipulation of GSR. GSR 
is internally connected to an analog gain-setting network. When GSR is connected to PWRO-, the receive level 
is at maximum. When GSR is connected to PWRO+, the level is minimum. The output transmission level is 
adjusted between 0 and—12 dB as GSR is adjusted (with an adjustable resistor) between PWRO+ and PWRO-. 


Transmission levels are specified relative to the receive channel output under digital milliwatt conditions 
(i.e., when the digital input at PCM IN is the eight-code sequence specified in CCITT recommendation G.711). 


SERRE AR TEN AS LURE NB TBARS NTR EATS RRM ASD, OES EE EI SR RE MER RIESE YR IDR ITAA BE ES EERO SEN AM ONE LP BPRS OA PTE NAA PVRS EES PRE TS RGA EIGN RES RRS! 
APPLICATION INFORMATION 


output gain set design considerations (see Figure 9) 
PWRO+ and PWRO- are low-impedance complementary outputs. The voltages at the nodes are: 


Vo at PWRO+ 
Vo — at PWRO- 
Vo = Voi —- Vo-— (total differential response) 


R1 and R2 are a gain-setting resistor network with the center tap connected to GSR. 
A value greater than 10 kQ and less than 100 kQ for R1 + R2 is recommended because of the following: 


The parallel combination of R1 + R2 and R, sets the total loading. 
The total capacitance at GSR and the parallel combination of Ri and R2 define a time constant 
that has to be minimized to avoid inaccuracies. 


Va represents the maximum available digital milliwatt output response (Va = 3.006 V rms). 
Vo =AVa 


1 + (R1/R2) 
4 + (R1/R2) 


Where A = 


TCM29C14AM 


Digital Milliwatt 
Sequence Per CCITT G.711 


Figure 9. Gain-Setting Configuration 
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TL598M 


PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


D3726, APRIL 1991-REVISED SEPTEMBER 1991 


° Complete PWM Power Control Function 


* Totem-Pole Outputs for 200-mA Sink or 
Source Current 


°® Output Control Selects Parallel or 
Push-Pull Operation 


° Internal Circuitry Prohibits Double Pulse at 
Either Output 


® Variable Dead Time Provides Control Over 
Total Range 


°* Internal Regulator Provides a Stable 5-V 
Reference Supply, Trimmed to 1% 
Tolerance 


° On-Board Output Current-Limiting 
Protection 


° Undervoltage Lockout for Low Vcc 
Conditions 


° Separate Power and Signal Grounds 


description 


The TL598M incorporates all the functions 
required in the construction of pulse-width- 
modulated controlled systems on a single 
monolithic chip. Designed primarily for power 
supply control, the TL598M provides the systems 
engineer with the flexibility to tailor the power 
supply control circuits to a specific application. 


The TL598M contains two error amplifiers, an 
internal oscillator (externally adjustable), a dead- 
time control comparator, a pulse-steering flip-flop, 
a 5-V precision reference, an undervoltage lock- 
out control, and output control circuits. Two 
totem-pole outputs provide exceptional rise and 
fall time performance for power FET control. The 
outputs share common source supply and power 
ground pins, which allow system designers to 
eliminate errors caused by high current-induced 
voltage drops and common-mode noise. 


J PACKAGE 
(TOP VIEW) 


ERROR J IN+]] 4 16] ws ERROR 
AMP 1 IN-f] 2 isf]In- J AMP 2 
141] REF 

13]}] OUTPUT CTRL 
121] Vcc 

111] Vo 

10]] POWER GND 
91| OUT2 


FK PACKAGE 
(TOP VIEW) 


FEEDBACK [] 4 
DEAD-TIME CTRL J] 5 
NCIi6 

Cri}7 

RT [J] 8 


SIGNAL GND [|] © 
POWER GND || 


NC-No internal connection 
FUNCTION TABLE 


| INPUT _| 
OUTPUT OUTPUT FUNCTION 
CTRL 


= GND | Single-ended or parallel output | ended or parallel output 


= HEP Normal push-pull operation 


The error amplifier has a common-mode voltage range from 0.3 V to Voc —2 V. The dead-time control 
comparator has a fixed offset that prevents overlap of the outputs during push-pull operation. Synchronous 
multiple supply operation may be achieved by connecting pin 6 to the reference output and providing a sawtooth 


input to pin 5. 


PRODUCTION DATA information is current as of publication date. Products Copyright © 1991, Texas Instruments Incorporated 

conform to specifications per the terms of Texas Instruments standard j 

warranty. Production processing does not necessarily include testing of all Ti On products compliant to MIL-STD-883, Class B, all parameters are 

parameters. EXAS tested unless otherwise noted. On all other products, production 
IN STRUMENTS processing does not necessarily include testing of all parameters. 
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TL598M 
PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


description (continued) 


The TL598M device provides an output control function to select either push-pull or parallel operation. Circuit 
architecture prevents either output from being pulsed twice during push-pull operation. The output frequency 


for push-pull applications is one-half the oscillator frequency (fp = yes ). For single-ended applications: 
1 
0 RyCr 
The TL598M is characterized for operation from —55°C to 125°C. 
logic diagram (positive logic) 
OUTPUT CTRL 
(see Function Table) 
13 


6 = a 
RT Oscill 
5 scillator 
Cr & eS 
nae Dead-Time Control BS 2 Fa 8 
~ U0. C Comparator 
DEAD-TIME 4, es kc. Co : ouTi 
ee ee > 
Error Amplifier be 
1 PWM 
IN+ fe Comparator 
5 a 
9 


16 Error Amplifier 


ek 


Pulse-Steering 
Flip-Flop 


12 
3 Vv 
FEEDBACK Undervoltage ce 
Lockout Control 
Reference > 5 

Regulator 14 

REF 
Sh 7 SIGNAL 
GND 
—> 
0.7mA 


Pin numbers shown are for the J package. 
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TL598M 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SODA VE EGe Vr (GOO Nook ns ow a a ca ES TT Ped t b 1 4 bE ee ee 41 V 
PARES ASE NN a Scene oa ow tno A SEES ce doe ip WA ON cn oe BE Voc + 0.3 V 
Oumar eI foes sos ae ee ee POTS Oot ee ee 41V 
Caper Cutrern tee Onin), Sit ie Ro Nee Wt oe ei evs eR ea at ts eet ee a eee 250 mA 
TSCA TS St OLIN 1 BO ON ric fas sk 5S chic os cae oa clued paw ee pee iee 1375 mW 
Operating virtual junction temperature range, Ty ........ eee cece eee eee Siti ee —55°C to 150°C 
Seine a eerie WENT ns, ekg et res Cea ee oe eb oa ee ees —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ........... eee eeu 300°C 
Cine torneo tor 60 SeCOnus: Ci DACKAUG 5655 t. coo accuse ota st ss mw vivnan Garena yaecen ue 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the signal ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly to 275 mW at the rate of 11 mW/°C. 


recommended operating conditions 


tat aT OT 
SUppIY voltage, Voc 
0 on a ee NIE 
Se a a ee a gS 
[Output current (each ouput) sinkorsouree,igSSCSCSCS~SCSCS | SSC] 
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TL598M 
PULSE-WIDTH- MODULATION CONTROL CIRCUIT 


electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V, 
(unless otherwise noted) (see Note 3) 


reference section 


PARAMETER TEST CONDITIONS MIN TYP+ MAX] UNIT 
Output voltage (REF) lo=1mA Ta = 25°C 4.95 5 5.05 
Ta=MINOMAX[_49____—*8 


Input regulation Voc =7Vto 40V Ta = 25°C heb sso hs er 3 a 
Output regulation lo=1to10mA TaA= 25°C aaa oie; a V 
Tas WINOMAK [00] 
Output voltage change with temperature AT, = MIN to MAX Eigse) Ee Ree 
REF =0V er 


oscillator section, Cy = 0.001 uF, Ry = 12 kQ (see Figure 1) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
co: fe ee ee ee 


a Abeiation of Rocuenc™ ae at any value within recommended operating 


Frequency change with voltage Voc=7Vto40V,  fosc = 28.06 kHz, Ta = 25°C a ee Ce ee 
Frequency change with temperature*# ATA = MIN to MAX 7% 15%* Pras 


error amplifier section 


Finputofeetvotige ——=~*~*‘“*‘dREEDBACK TV CSCSCSC~C~iSSC“‘“‘ SCO 
Finputofset curent____———_~‘([FEEDBACKat25V_———SSCSC~SCSCSSSSCSC*~«SCSC« TA 
Tinputbias curent | FEEDBACKetasv_——S—SCSCS | SSC 


0.3 
Common-mode input voltage range Voc =7 Vto 40 V, Ta = 25°C to V 
Voc-2 


[Open-ioop votage amplification | AVQFEEDBAGK=SV, VOFEEDBACK=05Vios5V| 70 95 | «8 _| 
Pee Oe ee 
Voo=40V Wig=877V,__Ta=25 | 65 60 _—+| «B 
[Ouiput source current |FEEDBACKetS5V_ SSCS SSSC*dY CA 
ee ee ee 
FEEDBACK at 2.5 V, “aNees 33 V, at 2 kQ 


* This parameter is not production tested. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values, except for parameter changes with temperature, are at Ta = 25°C. 

§ Duration of the short circuit should not exceed one second. 

1 Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: g = 
# Effects of temperature on external Rt and Cr are not taken into account. N-1 

NOTE 3: Pulse-testing techniques that will maintain the junction temperature as close to the ambient temperature as possible must be used. 
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| TL598M 
PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V, 
(unless otherwise noted) (see Note 3) 


undervoltage lockout section 


PARAMETER TEST CONDITIONST | MIN = MAX| 


Ticohsl desta TAS eS Erg RERMEBES 2 ec) 
ATa= MINTO WA Beh SSRE | 


Taz MIN to MAX 


output section 


PARAMETER TEST CONDITIONS 


Collector | Collector off-state current =| current | Collector off-state current | Vc = 40 V, Voc = 40 V, DEAD-TIME CTRL at 0 V 
Voc = 15 V, Io =-200 mA 
Vo =15V lo =-20 mA 
Voc = 15 V, lo = 200 mA 
a lo =20mA 
= REF 
. =0.4V 


dead-time control section (see Figure 1) 


PARAMETER TEST CONDITIONS MIN TYPS MAX] UNIT 
TELE, mS 
Maximum duty cycle, each output DEAD-TIME CTRL at 0 V, Ta = 25°C nf 


Input threshold voltage Zer ! duty cycle 
esrb! Bean 28 


pwm comparator section 


PARAMETER TEST CONDITIONS MIN TYPS MAX| UNIT 
Input threshold voltage, FEEDBACK DEAD-TIME CTRL =0V 
Input sink current, FEEDBACK FEEDBACK = 0.5 V 


total device (see Figure 1) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 


Standby supply current Ayat igi Veco = 15V a ae 
All other inputs and outputs open | Voc = 40 V Ph 2 


Average supply current DEAD-TIME CTRL at 2 V 


switching characteristics, T, = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
Output voltage rise time 60 150* 
35 75* 


= = — : F 
Output voltage fall time Voc =15V, Vc=15V, CL_=1500pF, See Figure 2 


* This parameter is not production tested. 

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ Hysteresis is the difference between the positive-going input threshold voltage and the negative-going input threshold voltage. 

§ All typical values, except for parameter changes with temperature, are at Ta = 25°C. 

NOTE 3. Pulse-testing techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 
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TL598M 
PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


PARAMETER MEASUREMENT INFORMATION 


15V Output 
Vc 

Vcc 

IN+| ERROR ERROR J !N+ 

50 kQ 
FEEDBACK 
ta : DEAD-TIME CTRL eae 
Y OUTPUT CONFIGURATION 


CT 
RT 


me as iad 
Vi 
OUTPUT 1 FEEDBACK 
OUTPUT 2 
REF ite. 


MAIN DEVICE TEST CIRCUIT ERROR AMPLIFIER TEST CIRCUIT 


OUT1 
OUT2 


0.001 uF 


SIGNAL GND 


POWER GND 


Pin numbers shown are for J package. 


Figure 1. Test Circuits 


Ve 


Output 


C. = 1500 pF 


+ POWER GND 
OUTPUT CONFIGURATION 


OUTPUT VOLTAGE WAVEFORM 


Figure 2. Switching Output Configuration and Voltage Waveform 
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TL598M 
PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


TYPICAL CHARACTERISTICS 
OSCILLATOR FREQUENCY AND 
FREQUENCY VARIATIONT AMPLIFIER VOLTAGE AMPLIFICATION 
vs vs 
TIMING RESISTANCE FREQUENCY 
100 k Se SSS 80 


Ee Ls ST SV So So os St Sc oe ioe tone oe eee enon 


—— Se ie = = wie 


—— 
ent seen mals Shi “il oo ee Sasa 


oH =A 
St TH SRS al se 


40 k 
= 
| 10k Ee ah, S42 Seee.S ea] 60 ===2.—— —— >= aes 
> wera * Be ae aare oe R a ‘ tess SSS a Sees nea 
Sek SS on OU Cg Son 
° 
age ice 2 CPST NT Ree bee is caiiom es Coot 
F Orn CSE 2 
S ava Sem wr Ai — Sar) ance Se ae Oe a a. EE 
_ “=e ea Hh +H (aoa ‘ & ee +—\t+-— Sth 
5 400; —- SNS 225 1101 een San © 
ras ee St 1S At! = 1% NI & 
' yoo LU 4 ee oe | 
x —t CT adr SSS SS SS +4 == Sot 
ce OS ot Sanit ae oot ae i ass cot Ht aul 
Pe MPM Eee, « tk sl eee Le Aa 
pot LL ET ET 0 CECI CUTIE CN 
1k 4k 10k 40k 100k 400k 1M 1k 10k 100 k 1M 
Rt — Timing Resistance — Q f — Frequency — Hz 
T Frequency variation (Af) is the change in oscillator frequency that Figure 4 


occurs over the full temperature range. 


Figure 3 
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TL751M05M, TL751M12M 
LOW-DROPOUT VOLTAGE REGULATORS 


D3017, JANUARY 1988—REVISED MARCH 1992 


° Very Low Dropout Voltage, Less Than 0.6 V JG PACKAGE 
at 480 mA (TOP VIEW) 


© Low Quiescent Current COMMONI|}] 1 81} NC 


® TTL- and CMOS-Compatible Enable ENABLEY 2 74) NC 


NCI} 3 6 [] OUTPUT 
* 60-V Load-Dump Protection INPUT{] 4 5 {|} NC 


® Overvolitage Protection 
g NC—No internal connection 


® Internal Thermal Overload Protection 


¢ Internal Overcurrent Limiting Circuitry 


description 


The TL751M05M and TL751M12M are low-dropout positive voltage regulators specifically designed for 
battery-powered systems. The devices incorporate on-board overvoltage and current-limit protection circuitry 
to protect both themselves and the regulated system. The devices are fully protected against 60-V load-dump 
and reverse battery conditions. Extremely low quiescent current, even during full-load conditions, makes these 
devices ideal for standby power systems. 


The TL751MO5M and TL751M12M fixed-output voltage regulators offer 5-V and 12-V options with the addition 
of an enable input. The enable input gives the designer complete control over power up, allowing sequential 
power up or emergency shutdown. When taken high, the enable input places the regulator output in a 
high-impedance state. It is completely TTL- and CMOS-compatible. 


The TL751MO5M and TL751M12M are characterized for operation over the full military temperature range of 
—55°C to 125°C. 


Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


PRODUCTION DATA information is current as of publication date. Copyright © 1992, Texas Instruments Incorporated 
On products compliant to MIL-STD-883, Class B, all parameters are 


tested unless otherwise noted. On all other products, production 
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TL751M05M, TL751M12M 
LOW-DROPOUT VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature ranges (unless otherwise noted) 


SOT ETT OE oNg > ghee yer ic ae occ le Sane EG re aan BDA PCR GA Re Earl Ee. g's ese 26 V 
GMRTESITVe IEIVUIU Vv leeC RIRSFIUIEO )2 5°05 5c apa os os ee As alow we ie Fhe et WE en ag & Os oh 60 V 
COGri iS FOC iaey WIL MeO 5 0b a on 09 59 oa ges Ws whe vee Oe ee Ra eta eee -15V 
LTENSIENt TaVeIse InpUl VOneue te 100 NS ook ks ae cape «ct aha es ae e ene ee eat oe —50 V 
Continuous total dissipation at (or below) Ta = 25°C (See Note 1) ...... eee eect eee eens 2W 
Continuous total dissipation at (or below) Tc = 40°C (See Note 1) ..... cece eee ce eee ee eee eee 20 W 
ET asii el TU PAT LOSE AER III cg ohn cee tece ocd do neces 8 voip 0-4 aN ale nw Re eds eas —55°C to 125°C 
SPM ses VON Ui UESLAIP TaN haa ie diy aie a sie x phe ao eee Sie NaS be cea Me Eee eee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 secondS ....... 0c... cee cece eee eeevee 260°C 


NOTE 1: For operation above Ta = 25°C, refer to Dissipation Rating Table. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variation in individual device electrical characteristics and thermal resistance, the built-in 
thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 


DISSIPATION RATING TABLE 


Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 105°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWERRATING POWER RATING 


1050 mW 8.4 mW/°C 


PACKAGE 


recommended operating conditions over recommended free-air temperature range (unless 
otherwise noted) 


ale reat UNIT 
Tu7siMosm | 628 
Input voltage range, V; Seer nT 4386 
High-level input voltage, ENABLE, Vin pn ere ETE 
Low-level input voltage, ENABLE, Vit eee 


Output current range, lo 
Operating free-air temperature range, Ta 


TL751MO5M electrical characteristics, V; = 14 V, lo = 300 mA, ENABLE at 0 V, Ta = 25°C (unless 
otherwise noted) 


PARAMETER TEST CONDITIONST 


Ta = 25° 
Vi=6Vt026V, Ig =0to480mA 


Ta =—55°C to 125°C 


Vv) =9V to 16V, Io = 250 mA 
Vi = 6V to 26 V, Io = 250 mA 


Ripple rejection Vi =8V to 18 V, f= 120 Hz 


Dropout voltage lo = 480 mA 


20 
f = 10 Hz to 100 kHz 
lo = 480 mA 60 75 
Bias current lo =10mA 
ENABLE 22 V 


* This parameter is not production tested. 

T Pulse-testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must 
be taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF tantalum capacitor on 
the output with equivalent series resistance within the guidelines shown in Figure 2. 


Output regulation lo = 5 mA to 480 mA 
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TL751M05M, TL751M12M 
LOW-DROPOUT VOLTAGE REGULATORS 


TL751M12M electrical characteristics, V) = 14 V, lo = 300 mA, ENABLE at 0 V, Ty = 25°C (unless 


otherwise noted) . 
TEST CONDITIONS? 


Ta = 25°C 11.88 Te .se01 
Output voltage V; = 13 V to 26 V, lo = 0 to 480 mA : 
Ta =—55°C to 125°C 11.76 12.24 
V; = 14 V to 19 V, Io = 250 mA 15 43 
Input regulation 
Vi = 13 V to 26 V, Io = 250 mA 20 78 
ee eae 
30 


Vv 
mV 
Ripple rejection Vi=13Vt023V, f=120Hz 
mV 
Vv 


Output regulation Io = 5 mA to 480 mA Pere. meee Te ae 
Bropoutvolage [ig = 480 mA Rae 
Output noise voltage f = 10 Hz to 100 kHz 1000 


Io = 480 mA 60 75 
< mA 
Bias current io= 10 mA 
ENABLE = 2 V 


* This parameter is not production tested. 

t Pulse-testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must 
be taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF tantalum capacitor on 
the output with equivalent series resistance within the guidelines shown in Figure 2. 


TL751MxxM electrical characteristics, V; = 14 V, lo = 300 MA,T, = 25°C 


Response time, ENABLE to output Pee Se 


TYPICAL CHARACTERISTICS 


TRANSIENT INPUT VOLTAGE 
vs 
TIME 


Ta = 25°C 
Vj = 14 V + 46e(-t/0.230) 
fort=5ms 


V, — Transient Input Voltage — V 


t- Time —ms 


Figure 1 


ag 
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TL751M05M, TL751M12M 
LOW-DROPOUT VOLTAGE REGULATORS 


PARAMETER MEASUREMENT INFORMATION 


The TL751MxxM is a low-dropout regulator. This means that the capacitance loading is important to the 
performance of the regulator because it is a vital part of the control loop. The capacitor value and the equivalent 
series resistance (ESR) both affect the control loop and must be defined for the load range and the temperature 
range. Figure 2 can be used to establish the capacitance value and ESR range for best regulator performance. 


Figure 2 shows the recommended range of ESR for a given load with a 10-uF capacitor on the output. This figure 
shows a maximum ESR limit of 2 Q and a load-dependent minimum ESR limit. For applications with varying 
loads, the lightest load condition should be chosen since it is the worst case. 


Al 
Applied Load L 
Current i 
Load 
Voltage AVL 
. a 
3 


2.6 |’ a he - oi This Region Not 
. ‘Z_ Recommended for 
‘ Operation 


— A ee 
LOLA DOOM MLL LZ 


2 LZ 
ee 
Wiis: 


0.8 Min ESR 


sy Li ti, 


ESR — Equivalent Series Resistance — Q 
> 


0 i 
0 0.1: G2 03° 0.4 0. 5 O86 0.7; 08 
l — Load Current Range-A 


Figure 2. Output Capacitor ESR vs Load Current 
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TL7702BM, TL7705BM 
SUPPLY VOLTAGE SUPERVISORS 


D3303, SEPTEMBER 1989—REVISED MARCH 1992 


JG PACKAGE 
(TOP VIEW) 


© Power-On Reset Generator 


° Automatic Reset Generation After 
Voltage Drop 


° Defined Output From Vcc 21 V 


® Precision Voltage Sensor 


° Temperature-Compensated Voltage 
Reference FK PACKAGE 


(TOP VIEW) 
° True and Complement Reset Outputs 


° Externally Adjustable Pulse Duration 


description NC 
The TL7702BM and TL7705BM are monolithic aa A 
integrated circuit supply voltage supervisors MG 
designed for use as reset controllers in micro- “ 


computer and microprocessor systems. The 
supply voltage supervisor monitors the supply for 
undervoltage conditions at the SENSE input. 
During power up, the RESET output becomes 
active (low) when Vcc attains a value approaching 
1 V. AS Voc approaches 3 V (assuming that NC-No internal connection 

SENSE is above Vy,), the delay timer function 

activates a time delay after which outputs RESET 

and RESET go inactive (high and _ low, 

respectively). If an undervoltage condition occurs during normal operation, outputs RESET and RESET go 
active. To ensure that a complete reset occurs, the reset outputs remain active for a time delay after the voltage 
at the SENSE input exceeds the positive-going threshold value. The time delay is determined by the value of 
the external capacitor Cy: ty = 1.3 x 104 x Cy, where Cr is in farads (F) and tg is in seconds (s). 


An external capacitor (typically 0.1 uF) must be connected to REF to reduce the influence of fast transients in 
the supply voltage. 


The TL7702BM and TL7705BM are characterized for operation from —55°C to 125°C. 


Products conform to specifications per the terms of Texas 
Instruments standard warranty. Production processing does not 


PRODUCTION DATA information is current as of publication date. | Copyright © 1992, Texas Instruments Incorporated 
necessarily include testing of all parameters. 


On products compliant to MIL-STD-883, Class B, all parameters 
are tested unless otherwise noted. On all other products, 
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TL7702BM, TL7705BM 
SUPPLY VOLTAGE SUPERVISORS 


functional block diagram 


Vec —8 
a 
kag 
Cr 3 i 5 RESET 
7 
SENSE RESET 
aa Note A) 
R2 
(see Note A) 
RESIN 
1 REF 


GNp —4 


Pin numbers shown are for the JG package. 
NOTE A: TL7702BM: R1 =0 Q, R2 = open 
TL7705BM: R1 = 16 kQ, R2 = 8 kQ 


typical timing diagram 


Vcc and 
ia 
VT+ ig 
| 
Vres Vres 
0 
| ae 
| 
RESET) le ty : le— ta pas] 
| | | es 7 
Output 
Undefined Output 
2 Undefined 


ag 
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TL7702BM, TL7705BM 
SUPPLY VOLTAGE SUPERVISORS 


AAT a Te ar RF PY SAA TL ANS RET TS LET 1 om SET | ARE ATEN DER: STIS | SLO aS TES aes ARPA IES LOM SRT AER ART IEA DD TSE SINE SOLD, IIIS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


eae Aa, Sr ae a PN 8S ES Tarra ante a Nie aad ato dna W dani ands nl aspeatnonee: SARE Wine ae 20 V 
cat BES ET De 8 RE <a at aaa RRS 3 tL Se Re oD eit Teen et ety ar —0.3 V to 20 V 
(OOO Vetage TENG Aen Uren nn kc cb ia benneadeanci cre beret cera —0.3 V to 20 V 

Te ek cla ire ss 4 Peskin n'y ah otcat ag ace de uae Ae —0.3 V to 20 V 
OUI VISE PIGS TF iso v-a.8 oa a7 epee eed File eT Ads cada phoebe hepkedee —30 mA 
rer Si CIPO te ooo sis cee cbc ese wale owe ee haw ef baw ete TO etm aeons oy teen 30 mA 
helene COR OEIOAIIOIY C5 5 5-03 bus baa Low eva SP ae an see de bowen eh bn See Dissipation Rating Table 
ON Otere re -Se POINDOTAUNS FONGG od chiefs ess od ents eae Ns oe dv ene veWarebenes —55°C to 125°C 
ee er NE TID og ccdy vor Ss ee ok MET ee ON aS EL wa ae en eens eee —65°C to 150°C 
Gane temmeraire for G0 seconds: FF package oy ii. a in acs bx kclda da ech aas ceed ake ee salaee es 260°C 
Lead temperature 1,6 mm (1/16 inch) ‘rom case for 60 seconds: JG package .............0 eee eee 300°C 


NOTE 1: All voltage values are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 


PACKAGE —POWERRATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 


1375 mW 11.0 mW/°C 
1050 mW 8.4 mW/°C 


recommended operating conditions 


ee Xe Sve mY SRONTORO TeaY Te hae | | ce 
[High-evelinputvotlage atRESIN,VinSSSSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSidS 
[High-evel output current at RESET OHSS | 


oe ret RESIN [see Figure 2(a)] 
Pulse duration, minimum effective, tw(min) SENSE [see Figure 2(b)] 


ag 
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TL7702BM, TL7705BM 
SUPPLY VOLTAGE SUPERVISORS 


electrical characteristics over recommended operating conditions (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT 
2 2. 
4 


VOH High-level output voltage, RESET IOH =-16 mA Voc-1.5 


Tes | [2505 2.532555 | 
2.48 2.53 2.58 


445 4.55 


i 
~ 
N 
~“ 
i=) 
a 
w 
=f 
> 


Negative-going threshold voltage 
at SENSE input 


lIOL Low-level output current, RESET Vo uA 
Icc Supply current VSENSE = 15 V, RESIN 2=2V 


Vres Power-up reset voltage IoOLRESET = 2 mA, Ta = 25°C 


t All electrical characteristics are measured with 0.1-uF capacitors connected at REF, Ct, and Vcc to GND. 
+ This is the lowest value at which RESET becomes active. 


switching characteristics, Vcc = 5 V, Cy open, Ta = 25°C 


FROM TO 
Se 
fret tegiewoupa | FESR 
low-to-high-level output 
r 
f 
r 
f 


t . 
sa 


t Fall time 


*These parameters are not production tested. 


RESET 
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TL7702BM, TL7705BM 
SUPPLY VOLTAGE SUPERVISORS 


ERRATA AN ARE ADL SANE ie AT DUAR ABR AS A MME FEL SRT PES ND SESE OF SOT at AO A aS HN BUGLE SAIPAN LN SER AR GT SA TO NR ABS RO PNAS ET ES IN BEN FRET 


PARAMETER MEASUREMENT INFORMATION 
5V 5V 


RL 
(see Note A) DUT 


15 pF 


(see Note B) Ri 


(see Note A) 


15 pF 
(see Note B) 


RESET OUTPUT CONFIGURATION RESET OUTPUT CONFIGURATION 


NOTES: A. For lo and IOH, RL = 10 k&. For all switching characteristics, RL = 511 Q. 
B. Includes jig and probe capacitance. 


Figure 1. RESET and RESET Output Configurations 


¢— tw—>! 
| | VT+2V 
sl ee cee eee VT 
Se 
(a) RESIN (b) SENSE 


WAVEFORMS 


Figure 2. Input Pulse Definition 


Voltage 
| Fault 
SENSE 
ag leh aces es tie sadistic Sg ME hos nk coals upc a Sole ae ae OV 
VIH 
RESIN 
ae aaron nas VIL 


90% VOH (RESET) 


9 Some me ees ae 
eV (RESET) 


Figure 3. Voltage Waveforms 
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TL7702BM, TL7705BM 
SUPPLY VOLTAGE SUPERVISORS 


APPLICATION INFORMATION 


Vs System Supply 


Vcec 


SENSE RESET To System 
Reset Input Reset 
(from system) 
To System 
Reset 


(see Note A) 
Cr 


0.1 uF 


NOTE A: When Vcc and SENSE are connected to the same point, itis recommended that series resistance (RT) be added between the time delay 
programming capacitor (C7) and the voltage supervisor device pin (CT). 
The suggested Ry value is given by: 
VV; -VT- 
1x 10-3 
When this series resistor is used, the tg calculation is as follows: 
_ 1.3-[(1 x 10-4) x Rq] 
1x 10-4 
Figure 4. System Reset Controller With Undervoltage Sensing 


RT > , where V| = (the lesser of 7.1 V or Vs) 


td x CT 
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TL7770-5M, TL7770-12M 
DUAL POWER-SUPPLY SUPERVISORS 


D3035, OCTOBER 1987—REVISED MARCH 1992 


© Power-On Reset Generator J sites 
(TOP VIEW) 


° Automatic Reset Generation After Voltage 
Drop 1RESIN |] 1 161] Voc 
1CT |} 2 151] 2RESIN 


e@ yr . 
RESET Defined When Vcc Exceeds 1 V {RESET 3 sat] 2CT 
® Wide Supply Voltage Range...3.5V 1RESET [J 4 13]] 2RESET 
to 18 V 1VSU I} 5 121] 2RESET 
1VSO |] 6 11}} 2VSU 
°* Precision Overvoltage and Undervoltage 1SCR DRIVE [] 7 10{] 2VSO 
Sensing GND [] 8 9/] 2SCR DRIVE 
° 250-mA Peak Output Current for Driving 
SCR Gates FK PACKAGE 
(TOP VIEW) 
° 2-mA Active-Low SCR Gate Drive for False > > 
Trigger Protection iy lB 
Ojc 9 Ola 
°¢ Temperature-Compensated Voltage To: oe oe 
Reference : 
1RESET 181} 2CT 
* True and Complementary Reset Outputs {RESET 171] 2RESET 
¢ Externally Adjustable Output Pulse NC 16L} NC 
Duration 1VSU 15_] 2RESET 
1VSO [| 8 ss 14L] 2VSU 
description poses Faame W so Domus 8 sae 
WwoaOoWd 
The TL7770 is a monolithic dual power-supply 2 a= = @ 
integrated circuit system supervisor designed for oO as i 
use as a reset controller in microcomputer and se 6 
microprocessor power supply systems. These ” ” 


devices contain two independent supply-voltage 
supervisors that monitor the supplies for 
overvoltage and undervoltage conditions at the 
VSO and VSU pins, respectively. When Vcc attains the minimum voltage of 1 V during power up, the RESET 
output becomes active (low). As Vcc approaches 3.5 V, the delay timer function activates latching RESET and 
RESET active (high and low, respectively) for atime delay, tg, after system voltages have achieved normal levels. 
Above Vcc = 3.5 V, taking RESIN low activates the time delay function, RESET and RESET, during normal 
system voltage levels. To ensure that the microcomputer system has reset, the outputs remain active until the 
voltage at VSU exceeds the threshold value V7, for a time delay, ty, which is determined by an external timing 
capacitor such that: 


NC-—No internal connection 


tq ~ 20 x 10° x capacitance 
where tg is in seconds and capacitance is in farads. 


The overvoltage-detection circuit is programmable for a wide range of user designs. During an overvoltage 
condition, an internal SCR is triggered, providing 250-mA peak instantaneous current and 25-mA continuous 
current to the SCR gate drive pin, which can be used to drive an external high-current SCR gate or an overvoltage 
warning Circuit. 


The TL7770M series is characterized for operation from — 55°C to 125°C. 


PRODUCTION DATA information is current as of publication date. Products Copyright © 1992, Texas Instruments Incorporated 
conform to specifications per the terms of Texas Instruments standard 
warranty. Production processing does not necessarily include testing of all TEXAS On products compliant to MIL-STD-883, Class B, all parameters 
parameters. are tested unless otherwise noted. On all other products, 
IN STRUMENTS production processing does not necessarily include testing of all 
parameters. 
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TL7770-5M, TL7770-12M 
DUAL POWER-SUPPLY SUPERVISORS 


AVAILABLE OPTIONS 
Ta CHIP CARRIER | CERAMIC DIP 
(FK) (J) 
: .. |TL7770-5MFK | TL7770-5MJ 
~55°C to 125°C | 5 7770.49MFK | TL7770-12Md 


logic diagram (each channel) 


16 
Vcc 


TL7770-5 
TL7770-12 


Pin numbers shown are for the J package. ig 
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TL7770-5M, TL7770-12M 
DUAL POWER-SUPPLY SUPERVISORS 


typical timing diagram 


Undefined Operation 
for Vcc Less Than 1V 


VSO 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Seis ea rm Te SO Do. ccna Fees ka cs Then P Ae Cig KW ue a sine aed od RED tos SE 20 V 
mpur Vousoe fange,-V;: TVSU-2ZVSU,-TVSO, ana 2VSO |g eck i cues etc nenasaneeapen —0.3Vto18V 
LOW Gree QUTOL- CLIFTON Citric 1 CRT HE isis see abs cs/en we tne bender adulege tmeeeks 20 mA 
Fig evel OinpUulLGUNGNi (loc? Gnd Siteet hy 1M eis sa ede sae as eases 00a ede eenn eee —20 mA 
Sette aR tN NMI 255 i spore RA hg Shetek Red a G4 once vam Soe aie hie Gs See Dissipation Rating Table 
LIDOTauNe 1GO-GICLENDOrGIWNO TANGO. ck ceaveess bccssevandadwaeeeesscaneaee eer —55°C to 125°C 
UOperang Virtual JUNCTION TOMpPEraIeTANGe |... ceca cc veces ceucdscniees suvedenwmea’ —40°C to 150°C 
eee er CT TU NS 5 ois. 6 SR a acd 6 Guay we WR Seay Wa bho 4 we Keak SLA Malte a ORES —65°C to 150°C 
Gage. temoerarure tor Ge aeConde: Tih DGCKEOS Once as cc os cae dete couse sy peaueasb oP ao meS 260°C 
Lead temperature 1,6 mm (1/16 in) from case for 60 seconds: J package ............ cece cece eee 300°C 


NOTE 1: All voltage values are with respect to the network ground terminal. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING Ta = 70°C Ta = 85°C Ta = 125°C 


PACKAGE POWER RATING FACTOR POWER RATING POWERRATING POWER RATING 


FK 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW 
J 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW 


Texas W 
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TL7770-5M, TL7770-12M 
DUAL POWER-SUPPLY SUPERVISORS 


recommended operating conditions 


ee 
endl A aR ei SE BE 
| 


Continuous output current (1SCR DRIVE and 2SCR DRIVE), lo 


Operating free-air temperature, Ta —55 125 
RESIN eo Four 2a 
Minimum effective pulse duration, tw (min) VSU [see Figure 2(b)] 100 
a PS 8. OF | 


NOTE 2: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic 
voltage levels only. 


¥ 
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TL7770-5M, TL7770-12M 
DUAL POWER-SUPPLY SUPERVISORS 


electrical characteristics over recommended ranges of supply voltage, input voltage, output 
current, and free-air temperature (unless otherwise noted) 


supply supervisor section 


u 

Vor tow-leveloutputvotage [RESET sts tmA CTC 
[TL7770-12M (12V sense, WSU) | seu 

Undervoltage threshold | (programmable sense, 2VSU) 

g ( M 


at VSU (negative going) | TL7770-5M (5-V sense, 1VSU) 


TL7770-12M (12-V sense, 1VSU) 
TL7770-5M, TL7770-12M 
(programmable sense, 2VSU) 

Vv Hysteresis at VSU 
NYS (VT4.-VT_) 


* Overvoltage threshold AzaoC 2.53 2.58 2.63 
Tune 1TL7770-5M, TL7770-12M (VSO) Ta = MIN to MAX 248 368 pA 
| | 


: 
verry ese via | 
ee oe 
[lo Peak output curent__[SCRORIVE | bwratin= ts 250. ————=id mA 


total device 


TEST CONDITIONST Cm WAX [UNIT 


1VSU18V, 2VSU=2V, 1RESIN and2RESIN atVcc, | Ta = 25°C 
Icc Supply current A 


m 
1VSO and 2VSO at 0 V Ta=MINtoMAX | == 6.5 


tT For conditions shown as MIN or MAX, use the appropriate value specified in the recommended operating conditions. 
+ Typical values are at Voc = 5 V, Ta = 25°C. 
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TL7770-5M, TL7770-12M 
DUAL POWER-SUPPLY SUPERVISORS 


switching characteristics, Vcc = 5 V, CT = ot 25°C 


FROM 
PARAMETER (INPUT) ees TEST CONDITIONS TYP MAX] UNIT 
Propagation delay time, = 
'PLH —_low-to-high-level output jess 
Propagation delay time, * 
‘PHL high-to-low-level output ae y euasade viii os 
ee 75" 
tf Fall time dees! 150 


Sa 
tf Fall time RESET 


*These parameters are not production tested. 


PARAMETER MEASUREMENT INFORMATION 


15 pF 


(see Note A) 


15 pF 
GND (see Note A) 
eid ian aiken ahaa Nao a 
RESET OUTPUT CONFIGURATION RESET OUTPUT CONFIGURATION 


NOTE A: Includes jig and probe capacitance. 
Figure 1. RESET and RESET Output Configurations 


(a) RESIN (b) VSU 


WAVEFORMS 


Figure 2. Input Pulse Definition 


ag 
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TL7770-5M, TL7770-12M 
DUAL POWER-SUPPLY SUPERVISORS 


APPLICATION INFORMATION 


Vs System Supply 
10 kQ 
Vcc 

1VSU 1RESET To System 

Reset Input {RESIN RESET 

(from system) 
RT 
(see Note A) 2 

To System 

1CT 1RESET RESET 


GND 
10 kQ 


Pin numbers shown are for the J package. 


NOTE A: When Vcc and 1VSU are connected to the same point, it is recommended that series resistance (RT) be added between the time delay 
programming capacitor (C7) and the voltage supervisor device pin (1CT). 


The suggested Rr value is given by: 


Vi - Vr 
O-- 


RT > “* where V| = (the lesser of 7.1 V or Vs) 


When this series resistor is used, the tg calculation is as follows: 
-1.3-[(1 x 10-4) x Rq] 


x Cr 
6.5 x 10-4 


tg 


Figure 3. System Reset Controller With Undervoltage Sensing 
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TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


D3987, MARCH 1992 


° Advanced LinCMOS™ Technology es, on 


° Self-Calibration Eliminates Expensive 
Trimming at Factory and Offset Adjustment ANLG Vec-U 1 28|| DGTL Voc 
in the Field IN— 


* 12-Bit Plus Sign Resolution 


¢ 12-Bit Linearity REF {J 5 24|| D9 
ANLG Voct+tf 6 231] D8 
* 12-us Conversion Period at foo, = 2 MHzt TIE HIGHT] 7 901] D7 fe 
* Compatible With All Microprocessors CLKING 8 2117 D6 BUS 
WRU 9 20|| D5/DI5 
° Single 5-V and +5-V Supply Operation CSU 10 —. 194 D4/D14 
— ef RD 11 18[] D3/DI3 
rue Differential Analog Voltage Inputs DGTLGND[} 12. ~—«147//] D2/ple 
With —Vre¢ to Vres Differential Input Range READY OUTI} 13. —16{] D1/DI1 
* For Single 5-V Supply, Input INT 14 15}} DO/DIO 
Common-Mode Voltage Range is 0 V to5 V 
¢ For +5-V Supplies, Input Common-Mode FK PACKAGE 
Voltage Range is-—5 Vto5V cer ew 
= cb 
& ; ; = OQ 
Unipolar or Bipolar Operation ne Ree 
°* Twos-Complement Output St sds 
2222605 
° Low-Power...87.5 mW Maximum oon f cn) oof | oo | 
4 
een REFI}5) 3 asf} D10 
escription ANLG Vcc; [J 6 24[] D9 
The TLC1225M self-calibrating 12-bit-pulse-sign TIE HIGH |] 7 23[] D8 
converter is manufactured with Texas Instruments CLK IN }J 8 22{| D7 
highly efficient Advanced LinCMOS™ technology. WR 21L} D6 
The TLC1225M CMOS analog-to-digital converter cs 20L] DS/D15 
can be operated with a single 5-V supply or with R ae 19|] D4/D14 
+5-V supplies. The differential input range is—V,es Ser 
to Vref in both supply configurations. The 2 52 2 = 5 2 
common-mode input range is ANLG Vcoc_ to © ">: = = iat ot 
ANLG Vcc,. For single 5-V supply operation, ca  aee° 
grounding IN— corresponds to standard unipolar = rn 
o 


conversion. For +5-V supply operation, grounding 
IN— corresponds to standard bipolar conversion. 
Conversion is performed via the successive-approximation method. The TLC1225M outputs the converted data 
in a parallel word and interfaces directly to a 16-bit data bus. Negative numbers are given in the 
twos-complement data format. All digital signals are fully TTL and CMOS compatible. 


This converter uses a self-calibration technique by which seven of the internal capacitors in the capacitive array 
of the A/D conversion circuitry can be automatically calibrated. The internal capacitors are calibrated during a 
nonconversion capacitor-calibrate cycle in which all seven of the internal capacitors are calibrated at the same 
time. A conversion period requires only 24 clock cycles. Self-calibration requires 300 clock cycles. The 


t The conversion period is the reciprocal of the conversion rate and includes the access, sample, setup, and A/D conversion times. 
Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of publication date. Products 
conform to specifications per the terms of Texas Instruments standard st 


warranty. Production processing does not necessarily include testing of all TEXAS 
INSTRUMENTS 


parameters. 
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TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


ASSURE ESD UTTAR 8 EES RSS TS SE AEN TED PERL PARTE DES SUED: SESE UE TOR STARR PE CD RIT SB UTIL SE 5 td 0 AGT RE TIE 2 ot PAA a LSS TREY APN IR AST SFE Ae USE A aa TR RD 28 LVS 
description (continued) 


calibration or conversion cycle can be initiated at any time by issuing the proper command word to the data bus. 
The self-calibrating technique eliminates the need for expensive trimming of thin-film resistors at the factory and 
provides excellent performance at low cost. 


The TLC1225M is characterized for operation from —55°C to 125°C. 
functional block diagram 


Microprocessor 


8-Bit | : | 
Calibration 8-Bit Switch 
| Control | 


ANLG Vcc - ! 
13-Bit 


Capacitor DAC 8-Bit SAR 


Register 1 | 
Register 2 8-Bit | 


Data 
AUL Path 


8-Word | 
RAM 


Address Address 
Counter Counter 
1 2 
5-V-—10-V Translator 


13-Bit SAR | 
13-Bit Calibration : 
Control Logic _ | | 


bia Capacitor DAC 
REF Reis and S/H 


Calibration 
DAC 


15 — 27 1 


13-Bit Data Latch 
i mon 
3 ROM 
/O BUS 


TIE HIGH z Program 
pe f Counter 
INT 
cs 
WR 
RD 
READY OUT 


13 


ag 
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— -TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


CORE SIRE 1A EY DS INR Tn ep RR EAT 5 AE SEIT I RES Ng PSI: EER AES BE RES PR TEE LIAL EBLE BEY DREN ICA, SLA RS EEG ES TORE ETS STE TE SRREE RNA, ESTAS ELLIS RNS ARE EB 
operation description 


calibration of comparator offset 


The following actions are performed to calibrate the comparator offset: 


1) IN+ and IN—are internallyshorted together so that the converter input is zero. A course comparator 
offset calibration is performed by storing the offset voltages of the interconnecting comparator stages 
on the coupling capacitors that connect these stages. Refer to Figure 1. The storage of offset 
voltages is accomplished by closing all switches and then opening switches A and A’, then switches 
Band B’, andthenC and C’. This process continues until all interconnecting stages of the comparator 
are calibrated. After this action, some of the comparator offset still remains uncalibrated. 


| GND GND 
A 8\) \4 


— 
oe 


A’ B’ C’ 
in io Tetio 


Figure 1. Comparator Offset Null 


2) AnA/D conversion is done on the remaining offset with the 8-bit calibration DACs and 8-bit SAR, 
and the result is stored in the RAM. 


calibration of the ADC’s capacitive capacitor array 


The following actions are performed to calibrate capacitors in the 13-bit DACs that comprise the ADC’s 
Capacitive array: 


1) IN+ and IN—are internally disconnected from the 13-bit DACs. 

2) The most significant bit (MSB) capacitor is tied to REF, while the rest of the array capacitors are tied 
to GND. The A/D conversion result for the remaining comparator offset, obtained in step 2 above, 
is retrieved from the RAM and is input to the 8-bit DACs. 

3) Step 1 ofthe calibration of comparator offset sequence is performed. The 8-bit DAC inputis returned 
to zero and the remaining comparator offset is then subtracted. Thus, the comparator 
offset is completely corrected. 

4) Now the MSB capacitor is tied to GND, while the rest of the array capacitors, C,, are tied to REF. 
An MSB capacitor-voltage error (see Figure 2) on the comparator output will occur if the MSB 
capacitor does not equal the sum of the other capacitors in the capacitive array. This error voltage 
is converted to an 8-bit word from which a capacitor error is computed and stored in the RAM. 

5) The capacitor voltage error for the next most significant capacitor is calibrated by keeping the MSB 
capacitor grounded and then performing the above steps 1—4 while using the next most significant 
capacitor in lieu of the MSB capacitor. The seven most significant capacitors are calibrated in this 
manner. 


exas WY 
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TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


Vret (Step 3) 
GND (Step 4) 


renee Nema, 


_— CMSB + vox Cx 


MSB Capacitor-Voltage 
Error (Step 4) 


GND (Step 3) 
Vret (Step 4) 


Figure 2. Capacitor Array Null 


analog-to-digital conversion 


The following steps are performed in the analog-to-digital conversion process: 


1) Step 1 of the calibration of comparator offset sequence is performed. The A/D conversion result for 
the remaining comparator offset, which was obtained in step 2 of the calibration of comparator offset, 
is retrieved from the RAM and is input to the 8-bit DACs. Thus the comparator offset is completely 
corrected. 

2) IN+ and IN— are sampled into the 13-bit capacitive arrays. 

3) The 13-bit analog-to-digital conversion is performed. As the successive-approximation conversion 
proceeds successively through the seven most significant capacitors, the error for each of these 
capacitors is recovered from the RAM and accumulated in a register. This register controls the 8-bit 
DACs so the total accumulated error for these capacitors is subtracted out during the conversion 
process. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


BUDD VONAOe, ANCEl Vert. EMT. Vor (S60 MOIR TD). ici ics ces ieee cove eUintasa Ve cae a yas Ns vee TaN 
I, SUE AEOMES a a a isis ky ar eek nl 8 on Cn x Se Mee FS eo an Sa ER ate CONE Ty alk t -7.5V 
Ditrerenvel Suipply vonage, ANLG Voc. ANLG Ven esses tcc scapes auvesecepmesdcasenis 15V 
oe Mne te NRC PRI re Cierra ys wah a = ole he tae Sere ee pean Tae Cae ee —0.3 V to Veo + 0.3 V 
Sma reeEe AEN ENON NaS dy ah so are Sine 440s € Ais ee eR RS SE oA 8 SER ER Ee —0.3 V to Veo + 0.3 V 
Analog input (IN+, IN—) voltage range, 

ee on «deel Peary oy tyra ine Geant on wine Eadie, Sein gn 2 ANLG Voc_-—0.3 V to ANLG Veco, +0.3 V 
Senne e NEMO PO NM il on is 5s <9 vu gn 3 4 45a 0a seed eke ORE —0.3 V to ANLG Voc, +0.3 V 
i le Salih hela Go aie aris haa SNS bret te cd at eae ae A rd —0.3 V to ANLG Voc, +0.3 V 
mn EID ns 2 brs ses OSG SESE oo og Pi EER cs eee —0.3 V to DGTL Voc +0.3 V 
ee NONE SUMS Chen are ks <6 fads sh eT se np WRN ES SLAM RATE LAC e ORR LE EME ELS eS +5 mA 
EU TNs ih aa Ok Gan sg wise & unis DALAM Y NGS MAL acd CRE teak Wikis > +20 mA 
Sap tree Seer MARIE RTI Aas ska un + nov sits aie i.9ie 0-bi 9'2, HOS AERC ORAL —55°C to 125°C 
ie a a ie va el a tee ee Wa wun le edo pede —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package .............eeee 300°C 


NOTE 1: All analog voltages are referred to ANLG GND and all digital voltages are referred to DGTL GND. 
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TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


recommended operating conditions 


ANLG Voc + 


Supply voltage —5.5 ANLG GND Vv 
High-level input voltage, Viy 2 

(Voc = 4.75 V10 5.25 V) 35 
Low-level input voltage, Vj,_ 

(Voc = 4.75 Vt0 5.25 V) 14 


ANLG Veg-—005  ANLG Voc, 0.08 
TIE HIGH votage Ngee nn ce Oe eee eee 
[Glock input equendyifeoce —+iVoc=8V_—SSOCSCS~—~—SSC~“‘“( SCS*~t SSC*dSC 
Seep nest i 
[Pulse duration, CSandWhlowtw _|Voo=8V_—SSOSOS—~—SSC“‘ZSCCCCOC~SCSCS 
[Setup time, VO high before WAT or GSt,tgy |Voc=5VSOSC~—SSC“‘“‘“ SCSCSC“‘CSNCC#“‘“#‘(;CONS 
[Holdtime, VOnigh after WAT oGSt,t) [Voo=5V_SSC~—~—SC“‘“‘CB‘ON™COCCCSCSC~C~‘dtC 


electrical characteristics over recommended operating free-air temperature range, 
ANLG Voc, = DGTL Vcc = Vre¢ = 5 V, ANLG Voc_ = -5 V or ANLG GND (unless otherwise noted) 
(see Note 2) 


PARAMETER TEST CONDITIONS 


| 

ee re 
[Vor _Lowlevel outputwotlage __——*«(DGTLVog=475V, lo=32mat__| ~~ | 
Ci LL a) a Se ee 
(MR eT 0 I Roe eee 


: High-impedance-state Vo =0 - 
02 output leakage current Vo =5V 
Vo=0 pit ees 
lo Output current 0 mA 
Vo=5V i ES 


DGTLIcc — Supply current from DGTL Voc folock = 2 MHz, CS high pr BURRS COGS eee 
ANLGIcc. Supply current from ANLG Voc 4 flock = 2 MHz, CS high PeSree SS 
ANLG Icc— __ Supply current from ANLG Voc_ felock = 2 MHz, CS high 


tT Ig = 4 mA for READY OUT, INT, and D12. 

NOTE 2: The input voltage range is defined as: V), = —5.05 V to 5.05 V, Vj_ = —5.05 V to 5.05 V, and | Vj, — Vj_ | s 5.05 V when ANLG 
Voc-—=-5 V. The input voltage range is defined as: Vj 4 =—0.05 V to 5.05 V, Vj_ = —0.05 V to 5.05 V, and | V| , —Vj_| s 5.05 V when 
ANLG Voc-— = ANLG GND. 
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TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


electrical characteristics over recommended operating free-air temperature range, 
ANLG Voc, = DGTL Vcc = Vre¢ = 5 V, ANLG Vec_ = —5 V or ANLG GND, fejock = 2 MHz (unless 
otherwise noted) (see Note 2) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
EL Integral linearity error JSS: aa Sa +0.012% 


>— 
Voc+=5V, Voc-=-5V LSBs 
0 <(IN+—IN-) < 5.05 V, 
Vec+=5V, Vec-=0 


Differential linearity 


>—-1 1 


ae Oe ee ee 
[_Unaausted postive and negative fulscale vor | SCS SSCS YS 
[ol Tipeuecwontum it | ee a, 
[Temperature cosficientofofsetpont «| SSCS «de 


Positive and negative | ANLG V =5V+5%, 
ksvs Supply voltage sensitivity full ™ 9 ANLG Vent =—5 V +5%, +0.75 LSB 
Meteo elt DGTL Veco = 5 V +5% 


CMRR Common-mode rejection ratio IN—-=IN+=-5Vto5V 


Common-mode rejection (maximum code 
IN-=IN+=-5Vto5V LSB 
change from code 0000000000000) 
, , clock 
tperiod Conversion period (1/fc|k) (see Notes 3 and 4) folock = 2.6 MHz 
Access time (delay from falling edge of Cy = 100 pF, 
'a CS - RD to data output) folock = 2.6 MHz 
- Disable time, output (delay from rising Ri = 2 kQ, CL = 100 pF, 
dis edge of RD to high-impedance state) folock = 2.6 MHz 
td1(READY) Delay time, control signal edge to READY OUT folock = 2.6 MHz Hide GC” CRe Re A Rae 


td2(READY) _Delay time, control signal edge to READY OUT felock = 2.6 MHz ewe AS a 
td/IN Delay time, RD or WR to reset of INT felock = 2.6 MHz pete ales ck oe gate Oe 


t All typical values are at Ta = 25°C. 
+ FSR is Full-Scale Range: 0.012% FSR linearity error is equivalent to 1 LSB = 1.22 mV. 
§ No missing codes 
NOTES: 2. The input voltage range is defined as: V|, = —5.05 V to 5.05 V, Vj_ = —5.05 V to 5.05 V, and | Vj, — Vj_ | = 5.05 V when ANLG 
Voc — =—5 V. The input voltage range is defined as: Vj, = —0.05 V to 5.05 V, Vj_ = —0.05 V to 5.05 V, and | Vj, —Vj_| = 5.05 V 
when ANLG Voc-— = ANLG GND. 
3. If INT and RD go low within the same feigck period, INT will not be reset until WR is brought low. If INT and RD do not go low within 
the same folock period, INT will be reset. 
4. The conversion period is the reciprocal of the conversion rate and includes the access, sample, setup, and A/D conversion times. 
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TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


PARAMETER MEASUREMENT INFORMATION 


i 8 Input Sampling 
| ee Conversion 


| +— tperiod > | 


| 

| 

: td2(READY) 
“a 


| a | 
| td (INT) Ri ges | 
ea et 
> ss > os td2(READY) 
Ae es 
| | 


| 
td1(READY) 7 td1(READY) —> igs 
AG ) See SE age" 
READY OUT | | | 
| | 
| 
ieee Se | th +r tais 
tsu = ‘call | ® ta iti | 
Command to Calibrate Command to 
7 Capacitors and Offset Initiate Conversion 


(requires 300 clock cycles) 


Figure 3. Timing Diagram 


exas 


Ti ‘ 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 4-99 


TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


PARAMETER MEASUREMENT INFORMATION 


DGTL 
V 
r VCE. Sor ee 
RD 50% 
Ap Data GND | 10% 
: “ Output —>| l¢- tdis 
oY dine VOH 90% 
Data Output 
ps = _ GND ce ee ee 
DGTL 
Vcc 
Asis USE Cee a a 
RD 50% : 
Rt GND Bibs 
a Data +> |! tis 
Output Yoo -oee= - 
CL Data Output | 
sie VoL 10% 
Figure 4. Load Circuits and Waveforms 
APPLICATION INFORMATION 
unipolar and bipolar operation * 


For single-ended signal input, IN+ is connected to the analog source and IN— is connected to ANLG GND. In 
the unipolar configuration, the ADC uses a single 5-V supply and the analog input voltage range is 0 V to 5 V. 
Data bit D12 will always remain low. In the bipolar configuration, the ADC uses +5-V supplies and the analog 
input voltage range is —5 V to 5 V. Data bit D12 indicates the sign of the input signal. In both configurations, the 
13-bit data format is extended sign with twos-complement, right-justified data. 


power-up sequence 


Calibration is not automatic on power up. Calibration is initiated by writing control words to the six least significant 
bits of the data bus. V;e¢ must have fully settled before calibration is initiated. lf addressed or initiated, conversion 
can begin after the first clock cycle. However, full A/D conversion accuracy is not established until after internal 
capacitor calibration. 


conversion period start sequence 


The writing of the conversion command word to the six least significant bits of the data bus, when either CS or 
WR goes high, initiates the conversion sequence. 


analog sampling sequence 
Sampling of the input signal occurs during clock cycles 3 through 10 of the conversion sequence. 


completed A/D conversion 


When INT goes low, conversion is complete and the A/D result can be read. A new conversion period can begin 
immediately. The A/D conversion is complete at the end of clock cycle 24 of the conversion period. 
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TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 
aborting a conversion period in process and beginning a new conversion 


lf a conversion period is initiated while a conversion sequence is in process, the ongoing conversion will be 
aborted and a new conversion period will begin. 


reading the conversion result 


When both CS and RD go low, all 13 bits of conversion data are output to the I/O bus. The format of the output 
is extended sign with twos-complement, right-justified data. The sign bit D12 is low if V; , — V\_ is positive and 
high if V;, — V;_ is negative. 


general 
reset INT 


When reading the conversion data, the falling edge of the first low-going combination of CS and RD will reset 
INT. The falling edge of the low-going combination of CS and WR will also reset INT. 


ready out 


For high-speed microprocessors, READY OUT allows the TLC1225M to insert a wait state in the 
microprocessor’s read or write cycle. 


reference voltage (V;e4) 


This voltage defines the range for | V; , — V;_ |. When | V; , —V;_| equals V;o¢, the highest conversion data value 
results. When | V; , — V;_ | equals 0, the conversion data value is zero. Thus, for a given input, the conversion 
data changes ratiometrically with changes in V;¢¢. Calibration should be performed with the same value of Vro¢ 
as will be used during conversion. 


tie high 
This pin is a digital input and should be tied high. 


calibration and conversion period considerations 


Calibration of the internal capacitors and A/D conversion are two separate actions. Each action is independently 
initiated. A calibration command should be initiated prior to subsequent conversions. It is not necessary to 
recalibrate before each conversion. Capacitor calibration is expected to last indefinitely as long as the clock 
signal and power are not interrupted. However, the offset calibration may drift with temperature changes. The 
temperature coefficient of the offset point is shown in the electrical characteristics table. Periodic calibration is 
recommended. Calibration and conversion commands require 300 and 24 clock cycles, respectively. 


The calibrate and conversion commands are initiated by writing control words on the six least significant bits 
of the data bus. These control words are written into the IC when either CS or WR goes high. The initiation of 
these commands is illustrated in the Timing Diagram. The bit patterns for the commands are shown in Table 1. 


Table 1. Conversion Commands 


CRS //O BUS REQUIRED NUMBER 
eae pose 
Pees ee 


Cal See Se a RE a RT 


t Calibration is lost when clock is stopped. 
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TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


analog inputs 
differential inputs provide common-mode rejection 


The differential inputs reduce common-mode noise. Common-mode noise is noise common to both IN+ and 


IN—, such as 60-Hz noise. There is no time interval between the sampling of IN+ and IN— so these inputs are 


truly differential. Thus no conversion errors result from a time interval between the sampling of IN+ and IN-. 


input bypass capacitors 


Input bypass capacitors can be used for noise filtering. However, the charge on these bypass capacitors will be 
depleted during the input sampling sequence when the internal sampling capacitors are charged. Note that the 
charging of the bypass capacitors through the differential source resistances must keep pace with the charge 
depletion of the bypass capacitors during the input sampling sequence. Higher source resistances reduce the 
amount of charging current for the bypass capacitors. Also, note that fast, successive conversion has the 
greatest charge depletion effect on the bypass capacitors. Therefore, the above phenomenon becomes more 
significant as source resistances and the conversion rate (i.e., higher clock frequency and conversion initiation 
rate) increase. 


In addition, if the above phenomenon prevents the bypass capacitors from fully charging between conversions, 
voltage drops across the source resistances will result due to the ongoing bypass capacitor charging currents. 
The voltage drops cause a conversion error. Also, the voltage drops increase with higher | V; , — V\_ | values, 
higher source resistances, and lower charge on the bypass capacitors (i.e., faster conversion rate). 


For low-source-resistance applications (Rsource < 100 2), a 0.001-uF bypass capacitor at the inputs prevents 
pickup due to the series lead inductance of a long wire. A 100-Q resistor can be placed between the capacitor 
and the output of an operational amplifier to isolate the capacitor from the operational amplifier. 


input leads 


The input leads should be kept as short as possible since the coupling of noise and digital clock signals to the 
the inputs can cause errors. 


power supply considerations 


Noise spikes on the Vcc lines can cause conversion error. Low-inductance tantalum capacitors (> 1 uF) with 
short leads should be used to bypass ANLG Vcc and DGTL Vcc. A separate regulator for the TLC1225M and 
other analog circuitry greatly reduces digital noise on the supply line. 


A ferrite bead or equivalent inductance can be used between the analog and digital ground planes if the digital 
ground noise is excessive. 


4-102 


ag 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


Output Code 


TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


APPLICATION INFORMATION 


(4095) 0 1111 1111 1111 pic 
4094) 0 1111 1111 1110 
( ) Full-Scale 
Transition 
Zero Transition =. 
—_— 
_ 
(2) 0 0000 0000 0010 ae 
(1) © 0000 0000 0001 
(0) 0 0000 0000 0000 
11111 1111 1111 (— 1) vy 
11114 1111 1110 (-2) * Vref 
CODE ANALOG 


TRANSITION | INPUT VOLTAGE 
(DECIMAL) t 


Neaati - 4096 to- 4095| - 4095.5 
Full-Scale 1 0000 0000 0001 (- 4095) -1to0 0.5 
1 0000 0000 0000 (- 4096) Oto 1 0.5 
Sh daca 4094 to 4095 4094.5 
Analog Input Volt - Vin(- 
nalog Input Voltage [Vin(+) — ViN(-)] LSB = Veer + 4096 


Figure 5. Transfer Characteristic 
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TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


APPLICATION INFORMATION 


TIE HIGH 
Osi DGTL Vcc 
‘; (see Note A) ANLG Vcc+ 
4 5 
REF ANLG Vec- 
— 0.1 uF 
V 
Signal GND 
| DGTL GND 
—= Power GND 


NOTES: A. The analog input must have some current return path to ANALOG GND. 
B. Bypass capacitor leads must be as short as possible. 
C. For high-accuracy applications, use a larger capacitor to reduce reference noise. 


Figure 6. Analog Considerations 


5V 


IN(+)  ANLG Voc 4 


~ 10 pF 


TLC1225M 
-15V 


Figure 7. Input Protection 
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TLC1225M 
SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 


APPLICATION INFORMATION 


SV 


VXDR f oo 
| xOR | IN(+) ANLG Vcc + 


(see Note B) 


500 Q 9 
ZERO 


IN(—) (see Note A) 


ADJ DGTL Vcc 
ao 
500 3.9 kQ 
TLC1225M Te ee 
= od TIE HIGH 
5 as 
1kQ 
FS 
ADJ 


NOTES: A. Vj = 0.15 x ANLG Vcc. 
B. 15% of ANALOG Vcc = VxpR < 85% of ANALOG Vcc. 


Figure 8. Operating With Ratiometric Transducers 
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TLC2201M, TLC2201AM 
Advanced Linc MOS™ LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 


D3173, NOVEMBER 1988 — REVISED OCTOBER 1991 


@ TLC2201AM Is Sample Tested for Noise: @ Low Input Bias Current ... 1 pA Typ 
35 nV/VHz Max at f = 10 Hz at Ta = 25°C 
15 nV/VHz Max at f = 1 kHz 


@ Fully Specified for Both Single-Supply 


@ Low Input Offset Voltage ... 200 pV Max and Split-Supply Operation 
@ Excellent Offset Voltage Stability @ Common-Mode Input Voltage Range 
With Temperature ... 0.5 pV/°C Typ Includes the Negative Rail 
see NEUPNOIS VOLTAGE 
LTA 
The TLC2201M and TLC2201AM are precision, VS 
low-noise operational amplifiers using the Texas FREQUENCY 


Instruments Advanced LinCMOS™ process. 
These devices combine the noise performance of 
the lowest-noise JFET amplifiers with the dc 
precision available previously only in bipolar 
amplifiers. The Advanced LinCMOS™ process 
uses silicon-gate technology to obtain input offset 
voltage stability with temperature and time that far 
exceeds that obtainable using metal-gate 
technology. In addition, this technology makes 
possible input impedance levels that meet or 
exceed levels offered by top-gate JFET and 
expensive dielectric-isolated devices. 


2) 
=) 


ME at a 
ae 
CNT A Ul 
a a 


NO 
oO 


The combination of excellent dc and noise 


NUTT 

SS 

performance with a common-mode input voltage CAA VN qT | 

range that includes the negative rail makes these 0 | 
1 10 1 1k 


devices an ideal choice for high-impedance, low- 00 10k 
level signal conditioning applications in either f — Frequency — Hz 
single-supply or split-supply configurations. 


Vy — Equivalent Input Noise Voltage — nV/ VHz 
os 


The device inputs and outputs are designed to withstand —100-mA surge currents without sustaining latch-up. 
In addition, internal ESD-protection circuits prevent functional failures at voltages up to 2000 V as tested under 
MIL-STD-883C, Method 3015.2; however, care should be exercised in handling these devices, as exposure 
to ESD may result in degradation of the device parametric performance. 


These devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. 


AVAILABLE OPTIONS 


PACKAGE 
CERAMIC CHIP 
Ta Vio Max! ¢ - 10 Hz | f = 1 kHz DIP CARRIER 
AT 25°C AT 25°C | AT 25°C 
(JG) (FK) 


7 200 pV | 35nV/VHz | 15 nV/VHz | TLC2201AMJG | TLC2201AMFK 
y052¢ | 50° uV TLC2201MJG TLC2201MFK 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


publication date. Products conform to specifications 
per the terms of Texas Instruments standard 
warranty. Production processing does not 


pean include testing of all parameters. INST RUM ENTS 
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TL€2201M, TLC2201AM 


Advanced LinCMOS™ LOW-NOISE PRECISION 


OPERATIONAL AMPLIFIERS 


JG PACKAGE 
(TOP VIEW) 


nc{l1 LJ sf}Nne 


IN—[]2 71} Vpop + 
IN+[]3 6| | OUT 


Vpp —/GNDL]4 ~—s SL NC 


NC — No internal connection 


equivalent schematic 


FK PACKAGE 
(TOP VIEW) 


OO0O0 0 
rr a ae ae” 


3 2 1 2019 


VDD+ 
Q3 Q6 Q12 Q14 Q16 
ae es 
IN — a 
Q1 Q4 
Q13 Q15 Q17 
D1 
Q7 Q11 
= Ri Re 
Q2 Q5 
Vpp —/GND 
Tj St 
EXAS 
INSTRUMENTS 
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TLC2201M, TLC2201AM 
Advanced LinCMOS™ LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Sant MONGOG WenrT). (OGG PHOLO 4) QutsiCK RIG SAG 0 os tes a eae ee ete PEAR AG ee 8 V 
a Be 8s RE CORE ss AR ni Rg Ga Ea Sere Crag OL MPI SFA -8V 
EAC erertie ttn Vert LE OIE TNOIO oe oe cnc alee dS Dc bwk too ol pion ws x baad a be Pe eee eee +16 V 
CT Be RU eg 0 eo ef Pe ee a ee ne ee nnn eM yore ee oso +8V 
ea RE B01) pai ag aa Sr Pr cn re hg Oe aa eR ae LIPASE ES +5 mA 
RRS, ooh PRR ete ae «rE tag Decica le | 4 Ghote BA) Pate we euiebane aR NO sumES +50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ......... 0... ce ee eee eee unlimited 
eG Oo I a a a ae ea ena ea See Dissipation Rating Table 
per Oe CORAM, 1A. oon 5s ea Sa re ee a ld be oes a 9 an eee — 55°C to 125°C 
Cane TT TUS FN NG olen 6 x poe Vo 0 Rs OE eee sly cg eek hee ds ol wae ae — 65°C to 150°C 
(age tereraune (Or © SeGunGs.. FIs OAGKAOO oc. 5c bocca c ce oe on cv euaty sve bee oN OY SEES 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ................... 300°C 
NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vpp, and Vpp_. 


1 

2. Differential voltages are at the noninverting input with respect to the inverting input. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 
maximum dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta $ 25°C DERATINGFACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 


PACKAGE 


1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW 
1050 mW 8.4 mW/°C 672 mW 546 mW 210 mW 


recommended operating conditions 


Common-mode input voltage, Vic Vpp- Vpp+ — 2.3 
Operating free-air temperature, Ta — 55 125 
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TL€2201M 
Advanced LinCMOS™ LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIER 


electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
25°C 100 500 
Vio Input offset voltage ames pV 
Full range 
avIO Temperature coefficient of input offset voltage Full range Ls ee pV/°C 
Input offset voltage long-term drift (see Note 4) | Vic =0,Rg =50 0.001 0.005 
ape Se Op | 
lio Input offset current Bib sts pA 
Fullrange | —~—SS~«O 
SS Fe Ree nck BU ode, aetna 
s e Fullrange | —~SC~S*~« 
-—5 
VICR Common-mode input voltage range Rs =50Q Full range 
IY § 
V, Maximum positive peak output voltage swin is ob V 
OM+ ie cas Soi ate ie Full range 
ere 4749 
VomM-— Maximum negative peak output voltage swing - - V 
Full range 
Vo=+4V, 400 __560 
ferent fication |-PL= 500K Seg 
Avp Large-signal differential voltage amplification 7 t4V Bataan V/mV 
O=#4V, ee ice, a 
Ri = 10 kQ Fullrange | 45 
Vic = Vion min, a a Te 
CMRR Common-mode rejection ratio io ICR 8 | 
Rg = 50 2 Fullrange | 85 
PaO. pee He 
k Supply-volta jecti tio (AV / AV V =+23Vto+8V 
ose ae cis den mecaoenann Seal 
Fullrange| dS 


operating characteristics at specified free-air temperature, Vpp+ = +5 V 
MIN TYP MAX 


ody 4 


2 
o eee Full range 1.3 
f=10H ° 
Vn Equivalent input noise voltage : 
aie 
In ivalent i ; 


SR Slew rate at unity gain V/s 


T Ad 
nV/VHz 
2 


f=0.1to 1 Hz 
VN(PP) Peak-to-peak equivalent input noise voltage 7-010 10Hz 0. 


Equivalent input noise current i aan res ee eS 


f= 10kHz, Ry = 10kQ, 


H : 
=] < 
N 


Gain-bandwidth product 9 
ain-bandwidth produc C1 = 100 pF 25°C MHz 
%m Phase margin at unity gain Ry = 10 kQ, Cy = 100 pF 25°C 48° SBS RR 


TFull range is — 55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Vio Input offset voltage ie pV 
Fulrange [=== 00 
avIO Temperature coefficient of input offset voltage 


Input offset voltage long-term drift (see Note 4) | Vic =0,Rg =50Q 0.001 0.005 


260 | jaca 
lio Input offset current fa eS 
Fulrange | _—S—=8OO 
lip Input bias current 


Fullrange | ——~S~S~«S OO 
VIcR Common-mode input voltage range 


VOM+ Maximum positive peak output voltage swing 


-5 

to 

2.7 
Eh 4e 

Full range 
Ry = 10 kQ | Full range | 

Vom— ___- Maximum negative peak output voltage swing = os -4.9 
00 560 
90 100 
1.1 


Vor#4V, 
Ry = 500 kQ Full range 


Avp Large-signal differential voltage amplification 


Vo=+4V, 


Ry = 10 kQ Full range 


Vic = Vion min, ae Bee eee 
CMRR Common-mode rejection ratio IC = “ICR MIN 
Rs = 50 Q Full range 


KsyvpR Supply-voltage rejection ratio (AVpp+/ AVio) 


Full range 


25°C 
IDD Supply current Vo = 90, No load } gee 
Full range 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Slew rate at unity gain rs ee ee Vis 


: : ; f=10Hz 
Vn Equivalent input noise voltage (see Note 5) 


3 
> 


< 
< 


Vn(PP) Peak-to-peak equivalent input noise voltage 


f = 10 kHz, 


Ry = 10 kQ, 
om Phase margin at unity gain C, = 100 pF 


TFull range is — 55°C to 125°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on asample basis for the TLC2201A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 


Gain-bandwidth product 
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


25°C 

; 250 
oat uemmemiiaal Ful range 
avVIO Temperature coefficient of input offset voltage 


Input offset voltage long-term drift (see Note 4) | Vig =0,Rg =50Q 0.001 0.005 | nV/mo 


ee eee 

lio Input offset current ea 
oo 
3 eee re 

lip Input bias current te a 
Fulrange | ——~—«SO 


VICR Common-mode input voltage range 


‘ _ 
© s) 
oi 

S 
Ee 

< 


ame : Bee 
VOM + Maximum positive peak output voltage swing Ry = 10 kQ Full range 
VomM-— Maximum negative peak output voltage swing Full range 


Vo=1Vto4 V, 
RL = 500 ko, 
Vo=1Vto4 V, 
RL = 10 ko 


Vic=V in, a 
CMRR Common-mode rejection ratio IG = “ICR mn 
Rs = 502 Full range 
25°C 
KsvR Supply-voltage rejection ratio (AVpp+/ AVio) Vpp = 4.6 V to 16 V "Full range | 
ES Full range 
25°C 
IDp Supply current Vo = 2.5 V, No load oT 
Full range 


operating characteristics at specified free-air temperature, Vpp =5 V 
PARAMETER | _TESTCONDITIONS | _Tat | MIN TYP MAX 


Tp 

; f=0.1 to 1 Hz 

VN(PP) Peak-to-peak equivalent input noise voltage 7-01 ' 10 Hz 07 
in____Equivalont input noise curent ee eee 


f= 10 kHz, Ri = 10kQ, 


ka 
< 


7 


Large-signal differential voltage amplification 


Avp 


0 
Rs = 502 Full range to 
2.7 

1 


7 
£ 
5 
0 


Vo =0.5V to 2.5V, 
Ry = 10 kQ, Cy = 100 pF 


SR Slew rate at unity gain 


Gain-bandwidth product C1 = 100 pF 25°C 
om Phase margin at unity gain Ry = 10 kQ, Cy = 100 pF 


TFull range is — 55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 
MIN _TYP_MAX 


Vio Input offset voltage sade 


Full range 
Temperature coefficient of input offset voltage 


UNIT 


ayvIO Full range 


: = 

— 

° 
a 


2 
Vic =0, Rg = 502 0.001 0.005 


= 
VoM-— Maximum negative peak output voltage swing foro 
Vo=1Vto4V, 150 315 
rs 
O= 


Input offset voltage long-term drift (see Note 4) 


lio Input offset current 
lip Input bias current 


VICR Common-mode input voltage range 


1 


0 
to 


a) 
N 


Avp Large-signal differential voltage amplification 


Vo=tVto4V, 
Ry = 10 kQ Full range 

CMRR Common-mode rejection ratio iG = Yon mn. 
Rs = 50 Full range 


25°C 
KsvR Supply-voltage rejection ratio (AVpp+/ AVio) Vpp = 4.6 V to 16 V — 
i Full range 
25°C 
IDp Supply current Vo = 2.5 V, No load Eee 
Full range 


operating characteristics at specified free-air temperature, Vpp = 5 V 
TEST CONDITIONS MIN TYP MAX 
Vo =0.5V to 2.5V, 
SR Slew rate at unity gain Ry = 10 kQ, 
| Cy = 100 pF Full range 
Vn Equivalent input noise voltage (see Note 5) 
fat kHz 


; 2 
: faOtwin | 25 
Vn(PP) Peak-to-peak equivalent input noise voltage 
2 


f =0.1 to 10 Hz 0.7 
In Equivalent input noise current : 


f = 10 kHz, 
Gain-bandwidth product Ry = 10 kQ, 25°C 


Ry = 10kQ 
om Phase margin at unity gain Cr Si oF 25°C 


TFull range is — 55°C to 125°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameteris tested on a sample basis for the TLC2201A. For other test requirements, please contact the factory. This statement 
has no bearing on testing or nontesting of other parameters. 
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PARAMETER MEASUREMENT INFORMATION 


100 Q 


NOTE A: Cy includes fixture capacitance. 


Figure 2. Phase Margin Test Circuit 


Ground Shield VDD + 


NOTE A: Cy includes fixture capacitance. 


Figure 4. Input Bias and Offset 
Figure 3. Slew Rate Test Circuit Current Test Circuit 


typical values 
Typical values presented in this data sheet represent the median (50% point) of device parametric performance. 


input bias and offset current 


At the picoamp bias current level typical of the TLC2201M and TLC2201AM, accurate measurement of the 
bias current becomes difficult. Not only does this measurement require a picoammeter, but test socket leakages 
can easily exceed the actual device bias currents. To measure these small currents, Texas Instruments uses 
a two-step process. The socket leakage is measured using picoammeters with bias voltages applied but with 
no device in the socket. The device is then inserted in the socket and a second test measuring both the socket 
leakage and the device input bias current is performed. The two measurements are then subtracted 
algebraically to determine the bias current of the device. 


noise 


Texas Instruments offers automated production noise testing to meet individual applications requirements. 
Noise voltage at f = 10 Hz and f = 1 kHz is lot sample tested on the TLC2201AM. For other noise test 
requirements, please contact the factory. 
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TYPICAL CHARACTERISTICS 


table of graphs 


Input offset voltage 


Distribution 


vs Common-mode voltage 
lip Input bias current ie 


Temperature 


6 
7 
vs Output current 
vs Temperature 
Vo(pp Maximum peak-to-peak output voltage vs Frequency Bales es eS 


vs Frequency 
vs Current 
vs Temperature 14 


V Low-level output voltage 7, Sa 
OL p 9 vs Temperature 
vs Frequenc 17 
Avp Differential voltage amplification A a Pe 18 
Supply volt 
los Short-circuit output current eee See 
vs Temperature 
vs Supply voltage 
| Suppl nt 
vs Temperature 
Small-signal 25, 26 
Pulse response 
Large-signal 27, 28 
y Peak-to-peak equivalent input noise 0.1 to 1 Hz 
N(PP) voltage 0.1 to 10 Hz 
ly vol 
vs Temperature 
Vv 
Vv 


s 
S 
s Supply voltage 
S 
s 


VOH High-level output voltage 


¢m Phase margin 


Temperature 


Phase shift 
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TYPICAL CHARACTERISTICS 
| INPUT BIAS CURRENT 
DISTRIBUTION OF TLC2201M vs 
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE 


Percentage of Units —- % 
lip — Input Bias Current — pA 


= 500 -300 -100 100 300 : 500 
Vio — Input Offset Voltage — 1V Vic — Common-Mode Input Voltage — V 
Figure 5 Figure 6 
INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO 
FREE-AIR TEMPERATURE FREQUENCY 


lig — Input Bias Current — pA 
CMRR — Common-Mode Rejection Ratio — dB 


10 100 1k 10k 100 k 1M 
Ta — Free-Air Temperature — °C f — Frequency — Hz 
Figure 7 Figure 8 
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TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE 
VS 
OUTPUT CURRENT 


[lo] - Output Current - mA 


Figure 9 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS 
FREQUENCY 
cies ln GI 


Oh 
tit Nee 
Hh 

SI 
ich 


100 k 1M 
f — Frequency — Hz 


10 


Vpopp+=25V 
Ri = 10kQ 


Figure 11 


Vom — Maximum Peak Output Voltage — V 


VoH — High-Level Output Voltage — V 


MAXIMUM PEAK OUTPUT VOLTAGE 
| vs 
FREE-AIR TEMPERATURE 


-75 -50 -25 0 25 50 75 100 125 


Ta — Free-Air Temperature — °C 
Figure 10 


HIGH-LEVEL OUTPUT VOLTAGE 
VS 
FREQUENCY 
eens Gea |i 


\ 
BENG 


CTS 
| 


100 k 1M 
f —- Frequency — Hz 


Vpp = 5V 
Ri = 10kQ 


ff 
esataey eT 


Figure 12 
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TYPICAL CHARACTERISTICS 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
VS VS 
HIGH-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 


< 
r) 
10 


7 


ee 
ieee 


Bi bin we SE 


yee2*—*2 
> > 
g : 
mre =G 8 
te = 6 = 
=] =) 
6 yeor—sg | 3 
D o 
a ® 
—l yeer—"*1 = 
Ey) Vpp = 16v\| 3 
x DD * r 
} ver*—*1g 1 
Ps = 
> 762° —* 7 > 


eee ‘3 1 2 3 4 5 os -50 -25 0 25 50 7S 86100 125 
lon — High-Level Output Current-mA Ta — Free-Air Temperature — °C 
Figure 13 Figure 14 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 


VoL — Low-Level Output Voltage — V 
VoL — Low-Level Output Voltage — V 
oO 
on 


Fits eal: 82 
fee | 


~75 -50 -25 0.20 80 7% 100 125 
lo. — Low-Level Output Current -mA Ta — Free-Air Temperature — °C 


Figure 15 Figure 16 
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Ayp — Differential Voltage Amplification — dB 


los — Short-Circuit Output Current — mA 


TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT AMPLIFICATION 
VS VS 
FREQUENCY FREE-AIR TEMPERATURE 


130 


A cay Vpp+ = +5V,R, = 500 kQ 
Bastetie gcc 


120 


Phase Shift 
Ayp — Differential Voltage Amplification - dB 


= 5V,R, = 10 kQ Boia cn ™ 
80 
10 100 1k 10k 100 k 1M -75 -50 -25 0 25 50° 78 . 100. 125 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 17 Figure 18 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


12 15 


SERUBRE TC 


10 


los — Short-Circuit Output Current —- mA 
oO 


: ae 
il -5 CEPA 
-8 -10 Pi 

ire eee Exesaemaetenc dS 

e eran ro ie RSS 

0 1 5 6 7 8 -75 -50 -—25 100 125 

ve iL ak Voltage —V Ta- ats Air ease: - a 
Figure 19 Figure 20 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT SUPPLY CURRENT 
VS MS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


<x <x 
E = 
5 5 
6 5 
Ray > 
: z 
a a 
l 
a [= 
Vo = Vpp +/2 
No Load 
0 1 2 3 4 5 6 F 4 8 -75 -—-50 -—25 0 25 50 75 100 125 
\Vpp|- Supply Voltage - V Ta — Free-Air Temperature —°C 
Figure 21 Figure 22 
SLEW RATE SLEW RATE 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
” ” 
= a 
> > 
i 
® © 
s w 
re 
> 2 
2 2 
” ” 
oc ra 
7) ” 
Vpp +=t 5V 
R,; = 10 kQ 
Cy = 100 pF 
0 
0 1 2 3 4 5 6 a 8 —-75 -50 —25 0 25 50 a>. COAG. 425 
\Vpp +|- Supply Voltage - V Ta — Free-Air Temperature — °C 
Figure 23 Figure 24 
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Vo — Output Voltage —- V 
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TYPICAL CHARACTERISTICS 
VOLTAGE-FOLLOWER 


SMALL-SIGNAL 
PULSE RESPONSE 


Bae 

Sct 
ie 
ee 


ogi LEER ALA 
a 


t-— Time —-ps 
Figure 25 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


O- § 10 15 20 25 30 35 40 
t- Time -is 


Figure 27 


VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 


A 
Reais 


Vo — Output Voltage —- mV 


Ot fi. 24> 32st St 6. oe 
t-— Time —ps 


Figure 26 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


Vo — Output Voltage — V 


GO $10 -46.° 20 23° -30--35. 40 
t- Time -ps 


Figure 28 
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TYPICAL CHARACTERISTICS 


PEAK-TO-PEAK EQUIVALENT PEAK-TO-PEAK EQUIVALENT 
INPUT NOISE VOLTAGE INPUT NOISE VOLTAGE 
0.1TO 1 Hz 0.1 TO 10 Hz 
1 
V =+5V 
Pree 
i. ste ti. 


0.2 
0 
it “yh 
-—0.2 
er cl ce 


0 1 2 = 4 5 6 7 8 9 10 
t-—Time-s t-—Time-s 


VN(PP) — Peak-to-Peak Equivalent Input Noise Voltage — 1V 
VN(PP) — Peak-to-Peak Equivalent Input Noise Voltage — pV 


Figure 29 Figure 30 
GAIN-BANDWIDTH PRODUCT GAIN-BANDWIDTH PRODUCT 
vs vs 

SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


ane ME 
EES SB 


CoP 
SEP an ail 
OB bia 


\Vpp +|— Supply Voltage - V Ta — Free-Air Temperature — °C 


Figure 31 Figure 32 


Gain-Bandwidth Product — MHz 
Gain-Bandwidth Product — MHz 


1 
-75 -50 -25 0 ao. Oe Fh: 10 «6425 
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TYPICAL CHARACTERISTICS 


PHASE MARGIN PHASE MARGIN 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
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7) re.) 
© ® 
co os 
I I 
e c 
D D 
a o 
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© ® 
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0 1 2 3 4 5 6 7 8 -75 -50 -25 0 zo. 66 SOC 78 100. “125 
\Vpp +| — Supply Voltage — V Ta — Free-Air Temperature — °C 
Figure 33 Figure 34 


APPLICATION INFORMATION 


latch-up avoidance 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC2201M 
and TLC2201AM inputs and outputs are designed to withstand —100-mA surge currents without sustaining 
latch-up; however, techniques reducing the chance of latch-up should be used whenever possible. Internal 
protection diodes should not be forward biased in normal operation. Applied input and output voltages should 
not exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 uF typical) 
located across the supply rails as close to the device as possible. 


electrostatic discharge protection 


These devices use internal ESD-protection circuits that prevent functional failures at voltages at or below 
2000 V. Care should be exercised in handling these devices, as exposure to ESD may result in degradation 
of the device parametric performance. 
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TL€2202M, TLO2202AM 
Advanced LinCMOS™ LOW-NOISE PRECISION 
DUAL OPERATIONAL AMPLIFIERS 


D3497, MAY 1990, REVISED OCTOBER 1991 


TLC2202A Is Sample Tested for Noise: 
25 nV/VHz Max at f = 10 Hz 
12 nV/VHz Max at f = 1 kHz 


Rail-to-Rail Output Swing 


e Low Input Bias Current ... 1pATyp 


at Ta = 25°C 
e Low Input Offset Voltage ... 500 pV Max © —Common-Mode Input Voltage Range 
e Excellent Offset Voltage Stability Includes the Negative Rail 
with Temperature ... 0.5 pV/°C Typ 
description TYPICAL EQUIVALENT 

The TLC2202M and TLC2202AM are precision, eee 
low-noise operational amplifiers using Texas FREQUENCY 
Instruments Advanced LinCMOS™ process. 60 


These devices combine the noise performance of 
the lowest-noise JFET amplifiers with the dc 
precision available previously only in bipolar 
amplifiers. The Advanced LinCMOS™ process 
uses silicon-gate technology to obtain input offset 
voltage stability with temperature and time that far 
exceeds that obtainable using metal-gate 
technology. In addition, this technology makes 
possible input impedance levels that meet or 
exceed levels offered by top-gate JFET and 
expensive dielectric-isolated devices. 


The combination of excellent dc and noise 


performance with a common-mode input voltage 


Ni 
10 ING 

CLA ELT TT 
range that includes the negative rail makes these 0 BULL an 
devices an ideal choice for high-impedance, low- 1 10 100 1k 10 k 


level signal-conditioning applications in either f — Frequency — Hz 
single-supply or split-supply configurations. 


V,— Equivalent Input Noise Voltage — nV/VHz 


The device inputs and outputs are designed to withstand —100-mA surge currents without sustaining latch-up. 
In addition, internal ESD-protection circuits prevent functional failures at voltages up to 2000 V as tested under 
MIL-STD-883C, Method 3015.2; however, care should be exercised in handling these devices as exposure 
to ESD may result in degradation of the device parametric performance. 


These devices are characterized for operation over the full military temperature range of —55°C to 125°C. 


AVAILABLE OPTIONS 


PACKAGE 
ve nes, ee CHIP CERAMIC 
Ta |YIO™MAX) ¢~ 40Hz| f= 1 kHz eae 8 
°o 
AT 25°C | atosec | AT 25°C 
(FK) (JG) 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


Copyright © 1991, Texas Instruments Incorporated 


PRODUCTION DATA information is current as of 

publication date. Products conform to specifications /} On products compliant to MIL-STD-883, Class B, all 
per the terms of Texas Instruments standard TEXAS parameters are tested unless otherwise noted. On all 
warranty. Production processing does not | other products, production processing does not 
necessarily include testing of all parameters. NSTRUMENTS necessarily include testing of all parameters. 
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FK PACKAGE JG PACKAGE 
(TOP VIEW) (TOP VIEW) 
10uT[11 U sf] Vop. 
1 IN- 7[] 2 OUT 


6] | 2 IN- 
5] | 2 IN+ 


1 IN+ [3 
Vpp —/GND L}4 


NC — No internal connection 


equivalent schematic (each amplifier) 
VDD+ 


Q3 Q6 Q9 Q12 Q14 


IN+ 
) prety 


C1 
IN- 7 
Q1 Q4 
Q13 Q15 
Q7 Q8 Q10 Q11 
R1 R2 
Q2 Q5 
Vpp—/GND 


Q16 


OUT 


Q17 


D1 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SURI VORONO, May. (BGG MOIR 1) cabiieyinuritvriccn e's ate a ations wo hte > ss «ARENA Ne Co be le wes 8 V 
ee Fe Ue 65 hing os eo gv Ee Lome c Ob) tan ca og ss 0a bb Oke es Ene -8V 
Leta tn 2) 2 a oo a are ek os sv aah Poe ee ans eee +16V 
SO SE UY We 6 6 Vir a wading vei BS Eb ve ue Reds cops nt Mew eee Pamile oem Pateae +8V 
ET CU MEER op oy oo ates Sse Fed Merle leh gah Ge Pawel wee hes n eb ack a Be Rn eases +5 mA 
CRE Giteare, Fey (OEP OU) 5 is «oad s tothe Sey one <b einbtnans bile.~ sinh eOohn Demy ysl apes +50 mA 
Duration of short-circuit current at (or below) Ta = 25°C (see Note 3) ..............-.-.008- unlimited 
Ora reat Eo gk in nae orm PAW Vas gens bbe ee wae es See Dissipation Rating Table 
Operating free-air temperature range, TA cece eee eee ees - 55°C to 125°C 
TIT fo he, fe a CON «LE 6 ve’ alain a eAGLen ons op wR ee — 65°C to 150°C 
Case tempore tol a Seconos: FIK DAChNOG oe. a a es ee nae see Rt eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vpp, and Vpp _ . 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta $ 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 


PACKAGE 


FK 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW 
JG 1050 mW 8.4 mW/°C 672 mW 546 mW 210 mW 


recommended operating conditions 


Supply volage, Vpps 


Common-mode input voltage, Vic Vpop- Vpp+-23 
Operating free-air temperature, Ta a Sap 0S Se ga ees 


EXAS wy 
INSTRUMENTS 
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electrical characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


25°C [1001000 
Vio Input offset voltage 100 1000 Z 
ayiIQ _—«Temperature coefficient of input offset voltage 


— 55°C to VieC 
125°C B 
Input offset voltage long-term drift (see Note 4) 


0,007 0,005 
| Input offset current Se A 
Te) npuconsel c Full range P 
lip Input bias current 


25° 
VicR | Common-mode input voltage range 


.?) 


Full range 


—5 
Rg = 502 Full range to oes 
2.7 
25°C ; 
Vom + Maximum positive peak output voltage swing = oi V 
Full range 4.7 
ae 25 
Vom—_ Maximum negative peak output voltage swing — V 


Flange 
Vo = 2aV, 25 


Ry = 500k Full range 
Vo = 24 V, 25° 


?) 


Avp Large-signal differential voltage amplification V/imV 


RL = 10ko Fulrange| 45 


400 
9 
Vo = 9, Vic = V Pe es 
CMRR Common-mode rejection ratio - 3 setae 
Rg = 50.2 OC a 
25° 
KSVR _—_ Supply-voltage rejection ratio (AVpp +/ AVio) VoD + = +2.3Vtot8V Pulltange |? 8055" Se ats 
ee eae 
'np Supply current LORE 2 SEK 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


: ; 25°0 
a ea Siar eee ae 
f= 10nz E ee 
V Equivalent input noise voltage Lie. ESR done! nV/NHz 
f= 1 KHZ 8 


f= 0.1101 Hz Pee te 
VN(PP) Peak-to-peak equivalent input noise voltage ae 


: -4.9 
5 

0 100 

0 110 


n 
Vin _Equivalontinputnoisecurent ———SSC~=~sSC“‘SSCS!™#C;#;COC#~C~C~*«d~=C(asOSYSSC*~*~«t CSC | 
: f = 10kHz, Ry = 10k2, 
Gain-bandwidth product C) = 100 pF 25°C epee MHz 
Ry_= 10k2, Cy = 100 pF 48° DSL 


*This parameter is not production tested. 

TFull range is —55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS Tat MIN TYP MAX} UNIT 


25°C 80 5 
V Input offset voltage 
lo P g Full range 750 
8 
9 


f 


— 55°C to 


125°C pViPC 


Input offset voltage long-term drift (see Note 4) 0.001 0.005* 


lio Input offset current 
Full range 

lip Input bias current 
, Full range 


VICR Common-mode input voltage range orwo Full range 
VomM Maximum positive peak output voltage swing 
+ 
R, = 10kQ Full range 


: 25° Py Bee 
Vom— Maximum negative peak output voltage swing = 


Fullrange | —4.7 
560 
100 V/imV 


Vo = £4V, 


R; = 50 | 
Large-signal differential voltage amplification = <— ie 
" Ea 


Vo = #4V, 


= 10kQ Full range 
MIN TYP MAX] UNIT 
2 


avIO Temperature coefficient of input offset voltage 


A 


nm | 
™N oO 


p 
V 

4 
V 

4 
V 


: 


4 
4 
9 


Avp 


RAL 
Vo = = V ° 
CMRR Common-mode rejection ratio pee ICR mn, 
Rg = 502 Full range 
25°C 
ksyvR_ __— Supply-voltage rejection ratio (AVpp +/ AVio) Vop + = +2.3Vtot8V a 
sag Full range 
25°C 
IDD Supply current Vo = 0 No load oe 
Full range 


operating characteristics at specified free-air temperature, Vpp+ = +5V 


PARAMETER TEST CONDITIONS 


to 
7 
7 
0 
80 


ee = £23V, AL = 25°0 
Sa menye ase eam ee ee 
f = 10Hz 18 35° 
Vn Equivalent input noise voltage (see Note 5) C2s. aE nV/VHz 
aL ee eee 
f= Otto 1 He eo a ee 
VN(PP) Peak-to-peak equivalent input noise voltage see 
f= 0.110 10H 
In Equivalent input noise current Pe a | Rnd oe gee | 
: f= 10kHz, Ry = 10kQ, 
Gain-bandwidth product C, = 100 pF 25°C MHz 
ém____ Phase margin at unity gain R= 10k, O = 00pF | ao | ae 


*This parameter is not production tested. 
TFull range is —55°C to 125°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta, = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, please 
contact the factory. This state has no bearing on testing or nontesting of other parameters. 
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
| ZC | __—*100_—1000_ 
V Input offset voltage aes A pV 
Z Fulrange| _—«1.250_ 
— 55°C to ° 
ayig Temperature coefficient of input offset voltage 125°C pVv/°C 
Input offset voltage long-term drift (see Note 4) 0.001 0.005* 
iA a as SS 
lio Input offset current pA | 
“TD Sa oan 
7 Bi On 3 as ae 
lip Input bias current Full range Eee See 8 Pp 
0 
VicR  Common-mode input voltage range Full range 
ee 
ee . 47 48 
VOH Maximum high-level output voltage RL = 10kQ Full range 
Si ORE 
i ee eet ere 
Yo = TV4V, oh 
RL_= 500 ka Full range 
Avp Large-signal differential voltage amplification Vo = 1V04V, a V/mV 
RL = 10k0 Fulrange| 10 i 
AE aR Vic = Vicr min, 75-110 
CMRR Common-mode rejection ratio Rg = 502 Full range 
25°C 80 110 
KSvR Supply-voltage rejection ratio (AVpp / AVio) Vpp = 4.6 Vto 16 V age 


: 1724 
Ind Supply current che mei eaten Fe Faemieannhacs “4 Roos 


operating characteristics at specified free-air temperature, Vpp = 5V 


PARAMETER TEST CONDITIONS Tat MIN TYP MAX | UNIT 


: : Vo = 0.5Vto25V 25°C 1.8 2.5 
SR Slew rate at unity gain O , 
RL = 10k0, C= 100pF [Fulrange] 1.1 | 
25 = (= ie ee SS Pe 
V Equivalent input noise voltage aS Ue aaa 
ae ae iad [= 1khe at A SiR RR Ry 
ees (= 0.101 a ee 
V Peak-to-peak equivalent input noise voltage CLE eee 
ait es d [P= ott 10 He 25°C 
___Eauivalont input ise caren SAR SORE TAN 
Gain-bandwidth product cements eee TE 25°C 
om Phase margin at unity gain Ri = 10kQ, Cy, = 100pF 


“This parameter is not production tested. 

tFull range is —55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T, = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
t 


Vio Input offset voltage 80 
Full range 
ayiQ _—« Temperature coefficient of input offset voltage 


— 55°C to 
125°C 
Input offset voltage long-term drift (see Note 4) 
Full range 
VICR Common-mode input voltage range Rg = 502 Full range 
25°C 
Vom— _ Maximum negative peak output voltage swing ee 


0.001 0.005* | yV/mo 


ne) 
" 


nm 
N 
cs 


lio Input offset current 
IB 


| Input bias current Fai tasae 
VomM+ Maximum positive peak output voltage swing el 
[You Maximum ngave peakoutptvotage swing og | 


0 
fe) 
ze 
7 
0 315 
5 
5 
5 
0 


Ss) 


Full range 

Vo = #4V, 

Ri = 500 kQ | Full range | 

Avp Large-signal differential voltage amplification Wc See aT § 
« AOkG Full range 


RL 
Vo = 90, Vic = Vicn min, 25°C 
CMRR Common-mode rejection ratio 0 IC ICR ee ae 
Rs = 502 Full. range 
a , 25°C 8 
kKsyR _— Supply-voltage rejection ratio (AVpp +/ AVio) Vop+ = +2.3Vtot8V scissae 
* = Full range 
25°C 
lIpp Supply current Vo = 0, No load paee 
Full range 


operating characteristics at specified free-air temperature, Vpp+ = +5V 


4 
4 
1 


5 

7 
VimV 

7 

Fe 


110 
110 
1.7 2.4 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
Vo=05Vw25v, | 250 | 18 28 
SR i i 
een a mes ihe. o = 1005 [etme Ee 
(= 10 Pe STS Tag aaa 
V nee ene da A 5 ame ee 
n Equivalent input noise voltage (see Note 5) iz Tiae bar ap emer po nV/VHz 
at [= 0.1101 He ase 
VN(PP) Peak-to-peak equivalent input noise voltage Teast te 
In Equivalent input noise current pon bicaeais ous > ties vt BONG ib Seca eras 
alse Aout enka f= 10kHz, Ry = 10kQ, 256 
ain-bandwidth product CL = 100pF 
¢m____ Phase margin at unity gain Ru = 10kQ, Cy = 100 pF 


*This parameter is not production tested. 
TFull range is —55°C to 125°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameteris tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, please 
contact the factory. This state has no bearing on testing or nontesting of other parameters. 
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PARAMETER MEASUREMENT INFORMATION 


10 kQ 
10 kQ 
VI 
Vo 
Vo 
Vpp- 
Vpp- se CL RL 
(see Note A) 
100 Q 100 Q 
ates NOTE A: Cy includes fixture capacitance. 
Figure 1. Noise Voltage Test Circuit Figure 2. Phase Margin Test Circuit 
Vo 
VI 
(see Note A) 
NOTE A: Cy includes fixture capacitance. 
Figure 3. Slew Rate Test Circuit Figure 4. Input Bias and Offset 


Current Test Circuit 


typical values 
Typical values presented in this data sheet represent the median (50% point) of device parametric performance. 


input bias and offset current 


At the picoamp bias current level typical of the TL.C2202M and TLC2202AM, accurate measurement of the 
bias current becomes difficult. Not only does this measurement require a picoammeter, but test socket leakages 
can easily exceed the actual device bias currents. To measure these small currents, Texas Instruments uses 
a two-step process. The socket leakage is measured using picoammeters with bias voltages applied but with 
no device in the socket. The device is then inserted in the socket and a second test measuring both the socket 
leakage and the device input bias current is performed. The two measurements are then subtracted 
algebraically to determine the bias current of the device. 


noise 


Texas Instruments offers automated production noise testing to meet individual applications requirements. 
Noise voltage at f = 10 Hz and f = 1 kHz is lot sample tested on the TLC2202AM. For other noise test 
requirements, please contact the factory. 
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TYPICAL CHARACTERISTICS 
table of graphs 


V Input offset voltage Distribution 


FIGURE 
; Common-mode voltage 
Input bias current 
Temperature Pia 


ie) 
vs 
iB vs 
; vs Output current 8,9 
Vom Maximum peak output voltage do... Neeumiotare 10 
Ss 


Vorpp Maximum peak-to-peak output voltage 


vs Frequency 
vs Current 
vs Temperature 


OH 
V ‘Low level output voltage vs Output current 15 
va , : vs Temperature 16 
j +f neti vs Frequency 17 
Differential voltage amplification 
ee: : i vs Temperature 18 
vs Supply voltage 19 
los Short-circuit output current pply voltag 
vs Temperature 20 
DD 
R 


High-level output voltage 


Ss 
Slew. rate 
S$ 


CMRR Common-mode rejection ratio D1, 22 
Pulse response Small-signal 25, 26 
: Large-signal 27, 28 
. vs Temperature 30 


vs 

vs Supply voltage 23 
Supply current 

vs Supply voltage 29 

0.1 to 1 Hz 31 
Noi ltage (referred t ut 
oise voltage (referred to input) 0.1 to 10 Hz 32 


Suppl It 3 
Gain-bandwidth product VS supply voltage 3 
vs Temperature 34 
vs Supply voltage 35 
Phase margin 
sa 36 
Sg 


Phase si 
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TYPICAL CHARACTERISTICS 


TLC2202M INPUT BIAS CURRENT 
DISTRIBUTION OF vs 
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE 


10 


1726 Amplifiers Tested From 1 Wafer Lot 


Vpp+ = t5V 
8 Ta = 25°C 
6 
<x 
4 a 
I J 4 
” c 
re) - 0 S28 
® i] 
: al eee beoet || ik 
= 5 2 
8 Re ee 
: Poo Bei ae 
aes 
A GES Oa ae hs 2 ae 
SSS See ~10 
-1000 -600 -200 200 600 1000 a a game ee ae! re ig 
Vio — Input Offset Voltage — pV Vic — Common-Mode Input Voltage — V 
Figure 5 Figure 6 
MAXIMUM POSITIVE PEAK 
INPUT BIAS CURRENT OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 
300 
250 Vic = 0 


lip — Input Bias Current — pA 
rr 
oO 
Vom+ — Maximum Positive Peak Output Voltage — V 


Ta — Free-Air Temperature — °C \lo| — Output Current —- mA 


Figure 7 Figure 8 
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Vom— — Maximum Negative Peak Output Voltage — V 


Vocpp) — Maximum Peak-to-Peak Output Voltage — V 
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TYPICAL CHARACTERISTICS 


MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE 


vs 
OUTPUT CURRENT 


\lo| — Output Current — mA 
Figure 9 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 
FREQUENCY 


CTT 


Be 
BNilliMs 
I 


Vop+ = £5V 
Ru = 10kQ 


Vom — Maximum Peak Output Voltage — V 


VOH — High-Level Output Voltage — V 


MAXIMUM PEAK OUTPUT VOLTAGE 
Vs 
FREE-AIR TEMPERATURE 


Vpp+ = t5V 


Ru = 10 kQ 


-75 -50 -25 0 25° -50. 75 100 .125 


Ta — Free-Air Temperature — °C 
Figure 10 
HIGH-LEVEL OUTPUT VOLTAGE 


VS 
FREQUENCY 


ee 
TINA | LI 
AA | LL 
Baten NU ll 
EN 
y 


Vpp = 5V 
Ry = 10 kQ 


10k 30 k 100 k 300 k 1M 10k 30 k 100 k 300 k 1M 
f — Frequency — Hz f — Frequency — Hz 
Figure 11 Figure 12 
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Vpp-4 


Von — High-Level Output Voltage — V 
S 
0 
1 
= 


VoL — Low-Level Output Voltage — V 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT VOLTAGE 
Vs 
HIGH-LEVEL OUTPUT CURRENT 


lon — High-Level Output Current- mA 


Figure 13 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


lo. — Low-Level Output Current-mA 


Figure 15 


VoH — High-Level Output Voltage — V 


VoL — Low-Level Output Voltage — V 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


Figure 14 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 
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Figure 16 
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TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT AMPLIFICATION 
vs Vs 
FREQUENCY FREE-AIR TEMPERATURE 

130 
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ro ro 

E en E 410 
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f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 17 Figure 18 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
vs Vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vpp+ = t5V 
Vo = 0 


| | Mp = —100 mv) 


los — Short-Circuit Output Current - mA 
los — Short-Circuit Output Current -mA 


st eetes ice Voltage — V Ta — Free-Air Temperature — °C 


Figure 19 Figure 20 
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TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO 
vs vs 
FREQUENCY FREQUENCY 


CMRR — Common-Mode Rejection Ratio — dB 
CMRR — Common-Mode Rejection Ratio — dB 


10 100 1k 10k 100 k 1M 10 100 1k 10k 100 k 1M 
f — Frequency — Hz f — Frequency — Hz 
Figure 21 Figure 22 
SUPPLY CURRENT SUPPLY CURRENT 
vs , Vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
Vo = Vpp+ /2 
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Figure 23 Figure 24 
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Vo — Output Voltage — V 
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| TYPICAL CHARACTERISTICS 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 


SMALL-SIGNAL SMALL-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


Vpp = 5V 
Ru = 10 kQ 
Cy = 100 pF 
Ta = 25°C 


Smee 
li aa Bs 


Vo — Output Voltage —- mV 


Figure 25 Figure 26 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


Vo — Output Voltage - V 
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t — Time — ps t - Time — ps 
Figure 27 Figure 28 
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SR — Slew Rate — V/us 


Noise Voltage — pV 


TYPICAL CHARACTERISTICS 


SLEW RATE 
Vs 
SUPPLY VOLTAGE 


I\Vpp+!| — Supply Voltage — V 
Figure 29 


NOISE VOLTAGE 
(REFERRED TO INPUT) 
OVER A 10-SECOND INTERVAL 


Figure 31 


SR — Slew Rate — V/s 


Noise Voltage — pV 


SLEW RATE 
Vs 
FREE-AIR TEMPERATURE 


-75 -50 -25 0 25} SO 78. 100-125 
Ta — Free-Air Temperature — °C 


Figure 30 


NOISE VOLTAGE 
(REFERRED TO INPUT) 
OVER A 10-SECOND INTERVAL 


VpD+ = +5V 
f = 0.1 to 10 Hz 


(ait 


GRISRESCNGRE? TISNE 
va uth VAN aa 
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t-Time-s 


Figure 32 
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TYPICAL CHARACTERISTICS 


GAIN-BANDWIDTH PRODUCT 
vs 
SUPPLY VOLTAGE 
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IVpp+| — Supply Voltage - V 
Figure 33 
PHASE MARGIN 
vs 
SUPPLY VOLTAGE 
50° 
Cy = 100 pF 
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IVpp+| — Supply Voltage — V 
Figure 35 


Gain-Bandwidth Product — MHz 


?m — Phase Margin 


GAIN-BANDWIDTH PRODUCT 
Vs 
FREE-AIR TEMPERATURE 
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-75 -50 -25 0 25 50 $75 100 125 
Ta — Free-Air Temperature - °C 


Figure 34 


PHASE MARGIN 
vs 
FREE-AIR TEMPERATURE 
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40° 
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Ta — Free-Air Temperature — °C 


Figure 36 
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APPLICATION INFORMATION 


latch-up avoidance 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC2202M 
and TLC2202AM inputs and outputs are designed to withstand —100-mA surge currents without sustaining 
latch-up; however, techniques reducing the chance of latch-up should be used whenever possible. Internal 
protection diodes should not be forward biased in normal operation. Applied input and output voltages should 
not exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 uF typical) 
located across the supply rails as close to the device as possible. 


electrostatic discharge protection 


These devices use internal ESD-protection circuits that prevent functional failures at voltages at or below 
2000 V. Care should be exercised in handling these devices as exposure to ESD may result in degradation 
of the device parametric performance. 
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D3157, SEPTEMBER 1988 — REVISED OCTOBER 1991 


available features JG PACKAGE 


@ Extremely Low Offset Voltage ... 1 1V Max (TOP VIEW) 
Cyan L}1 * 81 | Cyp 


@® Extremely Low Change in Offset Voltage With 
Temperature ... 0.003 nV/°C Typ 


@ Low Input Offset Current ... 500 pA Max 
at Ta = —55°C to 125°C 


@ Ayp ... 135 dB Min J PACKAGE 
: sient (TOP VIEW) 
@ CMRR and ksyp ... 1 in cy 1 Unal invext 
@ Single-Supply Operation CxA[]2 13[] CLKIN 
@ Common-Mode Input Voltage Range Includes Nias Le 5 ce OUT 
iz DD + 


the Negative Rail IN+ (1s 10f] out 


@ No Noise Degradation With External NC |}6 9} | CLAMP 
Capacitors Connected to Vpp-— VDD - 8] | C RETURN 

description FK PACKAGE 

The TLC2652M and TLC2652AM are high- (TOP VIEW) 

precision chopper-stabilized operational see 

amplifiers using Texas Instruments Advanced <= 

LinCMOS™ process. This process in conjunction x Xo EX 

with unique chopper-stabilization circuitry 

produces operational amplifiers whose 3.21 

performance matches or exceeds that of similar Nc {]4 18[] CLK OUT 


devices available today. Nc I{|5 17[] NC 

IN— ]]6 16{] Vpp + 
NC {|7 15|} NC 
IN+]]8 14]} OUT 


Chopper-stabilization techniques make possible 
extremely high dc precision by continuously 
nulling input offset voltage even during variations 
in temperature, time, common-mode voltage, and 
power supply voltage. In addition, low-frequency 2 a 
noise voltage is significantly reduced. This high a 
precision, coupled with the extremely high input = 
impedance of the CMOS input stage, makes the 

TLC2652M and TLC2652AM an ideal choice for 


NC — No internal connection 


AVAILABLE OPTIONS 


yee 
bak CERAMIC CERAMIC CHIP 
alee Le 
(JG) (J) (FK) 
125°C | 3uV | TLC2652AMJG | TLC2652AMJ ‘| TLC2652AMFK 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of Copyright © 1991, Texas Instruments Incorporated 


publication date. Products conform to specifications On products compliant to MIL-STD-883, Class B, all 
per the terms of Texas Instruments standard TEXAS parameters are tested unless otherwise noted. On all 
warranty. Production processing does not i other products, production processing dues not 
necessarily include testing of all parameters. NSTRUMENTS necessarily include testing of all parameters. 
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description (continued) 


low-level signal processing applications such as strain gauges, thermocouples, and other transducer 
amplifiers. (For applications that require extremely low noise and higher usable bandwidth, use the TLC2654M 
or TLC2654AM device, which has a chopping frequency of 10 kHz.) 


The TLC2652M and TLC2652AM input common-mode range includes the negative rail, thereby providing 
superior performance in either single-supply or split-supply applications, even at power supply voltage levels 


as low as +1.9 V. 


Two external capacitors are required for operation of the device; however, the on-chip chopper control circuitry 
is transparent to the user. On devices in the 14-pin and 20-pin packages, the control circuitry is made 
accessible to allow the user the option of controlling the clock frequency with an external frequency source. 
In addition, the clock threshold level of the TLC2652M and TLC2652AM require no level shifting when used 
in the single-supply configuration with a normal CMOS or TTL clock input. 


Innovative circuit techniques are used on the TLC2652M and TLC2652AM to allow exceptionally fast overload 
recovery time. If desired, an output clamp pin is available to reduce the recovery time even further. 


The device inputs and outputs are designed to withstand -100-mA surge currents without sustaining latch-up. 


_ Additionally, the TLC2652M and TLC2652AM incorporate internal ESD-protection circuits that prevent 


functional block diagram 


IN+ 
IN- 


functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care 
should be exercised in handling these devices, as exposure to ESD may result in degradation of the device 
parametric performance. 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C 
to 125°C. 


DISTRIBUTION OF TLC2652M 
INPUT OFFSET VOLTAGE 


Percentage of Units -% 


VDD-  =CRETURN aay eect oe 0 1 2 3 
Vio — Input Offset Voltage — pV 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sauer PTs ROR ool es sy se aid ss sie p Cpe er gas © b4. tanner See ae eds 8V 
Ne We NS IU 6 siete cc cies ts ia AV 5 ahs Pe Maa) bins 4 a RMD ewe ae ee -8V 
pinO(Giidl tt VORMOe SOO Fee wet cos PRS hs bi eb ks we aos ad vee oo Boh eee eas +16 V 
ia Vouage, vy (ong Seilt, GOS NOt 83) ears bri sos ie eee ck oe La SS a ee ogee ede ee +8 V 
Vonage range Of CLIN IN and INT/EAT Pine ein ii ie cee ee ene ples AMS Vpop — to Vpp — + 5.2 V 
IGE CUP ON, [EL AGMON OU ea eg sce ke eRe no ch ce die ibd bes Oe vu oy sal om WEG Mido BalMesiae +5 mA 
SM EMIONTN CPR oi an vip 4 5 4 Sat Ae 44-0 hg PP Ae ae ALS Hage io wwe 4, leas ON ANE aaa +50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)............... cee eee eee Unlimited 
errant Os Cee te ee iG | Sc ee ces eee oes Cs eyo oa eee ei +5 mA 
CURIOUS Mth CIO ow os oe Ree eee bs eae s pee bs See Dissipation Rating Table 
Ras ween SG eM Re ie ee aia es eee — 55°C to 125°C 
UT TT erent ENN oy. a: oar RTOS Hak ww a tees eNO Woks ow WR 8S ea ea BCE —65°C to 150°C 
Case tempemiure 10r GU SOCONOS: TK DAGKAGS bos. ube cs bos Cte pene eh a bees 260°C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or JG package 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vpp , and Vpp _ . 
2. Differential voltages are at the noninverting input with respect to the inverting input. 


3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


PACKAGE Ta $ 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta =25°C POWERRATING POWERRATING POWER RATING 


FK 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW 
J 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW 
JG 1050 mW 8.4 mW/°C 672 mW 546 mW 210 mW 


recommended operating conditions 


bese eke Lee et en eee A nor Sih eR Vo ee oe 
Common-mede input volags, Vig d= VT 


Clock input voltage 
Operating free-air temperature, Ta 
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electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


input offset voltage 1 Soe ; 
(so@ Note 4) ee sion See see é 
Temperature coefficient 
Full 0.003 0.03* 0.003 0.03* | pV/°C 
Input offset voltage long- 
= Q, = 25°C 0.003 0.06 0.003 0.02 | pV/ 
term drift (see Note 5) [2008008 


= TLC2652AM UNIT 
TYP MAX MIN TYP MAX 


ere | 
ae 
—5 
V Common-mode input 
IC voltage range 
Maximum postive peak pee ae 
VOM + Vv 
output voltage swing ee 
Maximum negative peak : 
output voltage swing 
ayy Largesignal differential a ie lee | 
VD voltage Sepeenon So RSS aaa 
eg 
at 
Common-mode = 0, Vic = REG. NSA ians (Re eS Sea 
rejection ratio = 502 zi io. a eS ie SONS 
Kaya SUPPIy-voltage rejection Yoo: SC Oe el a 
SVR ratio (AVpp +/ AVio) rahe «ea [Rater eos 
a aia ener Store a oe 
Supply current Vo = 0, No load oe 


"This parameter is not production tested. 

TFull range is — 55°C to 125°C. 

NOTES: 4. This parameteris not production tested. Thermocouple effects preclude measurementof the actual Vio of these devices in high speed 
automated testing. Vic is measured to a limit determined by the test equipment capability at the temperature extremes. The test 
ensures that the stabilization circuitry is performing properly. 

5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. Output clamp is not connected. 
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operating characteristics at specified free-air temperature, Vpp + = +5 V 


TLC2652M 
ee a ae 


Sy elie slow i ae 2a i meee is 
at unity gain Vo =£2.3 V, Ry = 10 kQ, Full range eT Se ae “s 
Regalia dow C= 100 pF [23 ai 
tea 100 — 
at unity gain a 3 Be SSeS 
Equivalent input noise f=10Hz 25°C Rgwecaaie | Wee 
Eaten D250 ae 
voltage 
Peak to-peak equivalent wef ae 
vnony Peak peak 256 f 
input noise voltage cc ci ee ES aes 
ln Equivalent input noise current f=1kHz 0.004 pA/VHz 
f= 10 kHz, R; = 10 kQ, 
Gain-bandwidth product a= aa 25°C ee MHz 
Gn Phase marina niy oan [R= 10, = 1009 ap ae 


TFull range is — 55°C to 125°C. 
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TYPICAL CHARACTERISTICS 


table of graphs 


Vio Normalized Input offset voltage 


lip Input bias current 


lio Input offset current 


Clamp current 


V Maximum peak-to-peak output 
O(PP) voltage swing ' 


Maximum peak output voltage 
VOM swin 
g 
Avp Differential voltage amplification 
ch Chopping frequency 
D ; 
ri eon 


f 


V Peak-to-peak equivalent input 
N(PP) noise voltage 


. Vn Equivalent input noise voltage 


Gain-bandwidth product 


dm Phase margin 


vs Chopping frequency 

vs Common-mode 
input voltage 

vs Chopping frequency 

vs Temperature 

vs Chopping frequency 

vs Temperature 

vs Output voltage 


vs Frequency 


vs Output current 
vs Temperature 
vs Frequency 

vs Temperature 
vs Supply voltage 
vs Temperature 
vs Supply voltage 
vs Temperature 
vs Supply voltage 
vs Temperature 
vs Supply voltage 
vs Temperature 
Small-signal 
Large-signal 


vs Chopping frequency 


vs Frequency 

vs Supply voltage 

vs Temperature 
Supply voltage 
Temperature 
Load capacitance 
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Vio — Normalized Input Offset Voltage - pV 


lip — Input Bias Current — pA 


TYPICAL CHARACTERISTICS 
NORMALIZED INPUT OFFSET VOLTAGE INPUT BIAS CURRENT 
VS VS 
CHOPPING FREQUENCY COMMON-MODE INPUT VOLTAGE 
I| Vpp+ = £5 V 
Ta = 25°C 
CLAM EMM 
a. 
CC cn 
5 
UME LEME LAH 8 
S 
/ i 
CHIME LUTE VER 3 
£ 
ee aut : 
CUM TIMP TT 
0 
5 SS ee ORE eee iy ae 
foh — Chopping Frequency — Hz Vic — Common-Mode Input Voltage — V 
Figure 1 : Figure 2 
INPUT BIAS CURRENT INPUT BIAS CURRENT 
VS VS 
CHOPPING FREQUENCY FREE-AIR TEMPERATURE 


lip — Input Bias Current — pA 


gan 
% doe till 
1 


00 10k 100 k 25 45 65 85 105 125 
foh - eee) Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 3 Figure 4 
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TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT 
VS 
CHOPPING FREQUENCY 


LAL 
a Fan 
an a a 
tt il 
tT | 


100 10k 100 k 
foh - pasate Frequency — Hz 


25 


20L-Ta = 25°C 


15 


10 


lio — Input Offset Current —- pA 


Figure 5 


CLAMP CURRENT 
VS 
OUTPUT VOLTAGE 


4 42 . 44 4.6 4.8 5 
|\Vo|- Output Voltage - V 


Figure 7 


lo — Input Offset Current — pA 


Vovpp) is Maximum Peak-to-Peak Output Voltage — V 


INPUT OFFSET CURRENT 
VS 
FREE-AIR TEMPERATURE 


~ 85 105 125 
ie bats Temperature — °C 


Figure 6 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS 
FREQUENCY 


10 


SSS 


mriummant aan 


aT Il 


il 
ee ae Aa 
peer A 


100 1k 10 k 100k 1M 
f — Frequency — Hz 


Figure 8 
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TYPICAL CHARACTERISTICS 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
OUTPUT CURRENT OUTPUT CURRENT 


|Vom|— Maximum Peak Output Voltage — V 


o._* 0.4 0.8 1.2 1.6 2 
|!o| - Output Current- mA 


Figure 9 
MAXIMUM PEAK OUTPUT VOLTAGE 


VS 
FREE-AIR TEMPERATURE 


Vom - Maximum Peak Output Voltage — V 


—-75 -50 -25 0 25 50 75 100 125 
Ta —Free-Air Temperature — °C 


Figure 11 


| Vom|—- Maximum Peak Output Voltage — V 


0 0.4 0.8 1.2 1.6 2 
(Iq| - Output Current -mA 


Figure 10 
MAXIMUM PEAK OUTPUT VOLTAGE 


VS 
FREE-AIR TEMPERATURE 


Vom — Maximum Peak Output Voltage — V 
i=) 


-8 i ae 
-75 -50 -25 0 ao: SO) 75" it deg 
Ta — Free-Air Temperature — °C 


Figure 12 


EXAS st 
INSTRUMENTS 


POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 4-151 


TLC2652M, TLC2652AM 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 


OPERATIONAL AMPLIFIERS 
TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL 
AMPLIFICATION AND PHASE SHIFT VOLTAGE AMPLIFICATION 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 
fea) m 
a?) me) 
I | 
8 6 
rt rt 
§ eis 
2 2 +3 
3 a. 3 
§ 5 
5 Vpp + = +5 Vv Oo 
I Ri = l 
= 2 = 
< = < 
10 100 1k 10k 100 k 1M 10M -75 -50 —-25 0 25 50 73 -306-— 125 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 13 Figure 14 
CHOPPING FREQUENCY CHOPPING FREQUENCY 
vs VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
540 


foh — Chopping Frequency — Hz 
fo, — Chopping Frequency — Hz 


440 


420 
0 1 2 3 as 5 6 7 8 -75 -50 -25 0 ee oe”  79---100:* 125 
lVpp +|- Supply Voltage — V Ta — Free-Air Temperature — °C 
Figure 15 Figure 16 
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Ipp — Supply Current -mA 


los — Short-Circuit Output Current —- mA 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT SUPPLY CURRENT 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Ipp- Supply Current- mA 


-75 -50 -25 0 an 90. 78 300 425 


as . sia oe -V Ta — Free-Air Temperature — °C 
Figure 17 Figure 18 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
vs vS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vo = 0 
Ta = 25°C 


los — Short-Circuit Output Current - mA 


Vip = 100 mV ee 


F etcan 2 a 3) 8. et -75 -50 -25 0 25 50° 75 100 125 
\Vpp +|- Supply Voltage - V Ta — Free-Air Temperature — °C 
Figure 19 ; Figure 20 
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TYPICAL CHARACTERISTICS 
SLEW RATE SLEW RATE 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


# ” 
=: = 
> > 
1 1 
£ £ 
iy) ss) 
cc ie 
= > 
- & 
” ” 
i 1 
fo or 
7) ” 
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TLO2652M, TLO2652AM 
Advanced LinCMOS™ PRECISION CHOPPER-STABILIZED 


OPERATIONAL AMPLIFIERS 
TYPICAL CHARACTERISTICS 
PEAK-TO-PEAK EQUIVALENT PEAK-TO-PEAK EQUIVALENT 
INPUT NOISE VOLTAGE INPUT NOISE VOLTAGE 
VS VS 
CHOPPING FREQUENCY CHOPPING FREQUENCY 


Vpp + = +5V 
Rg = 1000 

f = 0to1Hz 
Ta = 25°C 


Vpp + =-t+5V 
Rs = 100 
f = 0to10Hz 
Ta = 25°C 
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VN(PP) — Peak-to-Peak Equivalent Input Noise Voltage — ,.V 


fcoh — Chopping Frequency — kHz foh— Chopping Frequency — kHz 


Figure 25 Figure 26 
EQUIVALENT INPUT NOISE VOLTAGE GAIN-BANDWIDTH PRODUCT 
vs vs 
FREQUENCY SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS 
GAIN-BANDWIDTH PRODUCT PHASE MARGIN 
VS VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
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APPLICATION INFORMATION 


capacitor selection and placement 


The two important factors to consider when selecting external capacitors Cy, and Cyp are leakage and 
dielectric absorption. Both factors can cause system degradation, negating the performance advantages 
realized by using the TLC2652M. 


Degradation from capacitor leakage becomes more apparent with increasing temperatures. Low-leakage 
capacitors and standoffs are recommended for operation at Ta = 125°C. In addition, guardbands arare 
recommended around the capacitor connections on both sides of the printed circuit board to alleviate problems 
caused by surface leakage on circuit boards. 


Capacitors with high dielectric absorption tend to take several seconds to settle upon application of power, 
which directly affects input offset voltage. In applications where fast settling of input offset voltage is needed, 
it recommended that high-quality film capacitors, such as mylar, polystyrene, or polypropylene, be used. In 
other applications, however, a ceramic or other low-grade capacitor may suffice. 


Unlike many choppers available today, the TLC2652M is designed to function with values of Cya and Cyp 
in the range of 0.1 uF to 1 uF without degradation to input offset voltage or input noise voltage. These 
capacitors should be located as close as possible to the Cy and Cyp pins and returned to either the Vpp_ 
pin or the C RETURN pin. Note that on many choppers, connecting these capacitors to the Vpp_ pin causes 
degradation in noise performance, a problem that is eliminated on the TLC2652M. 


internal/external clock 


The TLC2652M has an internal clock that sets the chopping frequency to a nominal value of 450 Hz. On 
8-pin packages, the chopping frequency can only be controlled by the internal clock; however, on all 14-pin 
packages and the 20-pin FK package, the device chopping frequency may be set by the internal clock or 
controlled externally by use of the INT/EXT and CLK IN pins. To use the internal 450-Hz clock, no connection 
is necessary. If external clocking is desired, connect the INT/EXT pin to Vpp — and the external clock to CLK 
IN. The external clock trip point is 2.5 V above the negative rail; however, the CLK IN pin may be driven from 
the negative rail to 5 V above the negative rail. If this level is exceeded, damage could occur to the device 
unless the current into the CLK IN pin is limited to +5 mA. When operating in the single-supply configuration, 
this feature allows the TLC2652M to be driven directly by 5-V TTL and CMOS logic. A divide-by-two frequency 
divider interfaces with the CLK IN pin and sets the 
chopping frequency. The duty cycle of the 


> 

external clock is not critical but should be kept >= eee 

between 30% and 60%. 2 lat ae gees 
2 Ta = “95°C 

overload recovery/output clamp 3 

When large differential input voltage conditions 6 Sree Bigeaee 

are applied to the TLC2652M, the nulling loop will = seo 

attempt to prevent the output from saturating by > 

driving Cy, and Cyp to internally-clamped rae fy dete tole 

voltage levels. Once the overdrive condition is = Fae iscoml 

removed, a period of time is required to allow the ! de be Sn ieee 

built-up charge to dissipate. This time period is a 

defined as overload recovery time (see 2 

Figure 33). Typical overload recovery time for the > 

TLC2652M is significantly faster than competitive £ Ceeheowo. 

products; however, if required, this time can be 1-50 a a 
> 0 10 20 30 40 50 60 70 80 


reduced further by use of internal clamp Circuitry 
accessible through the CLAMP pin. t- Time - ms 


Figure 33. Overload Recovery 
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APPLICATION INFORMATION 


The clamp is simply a switch that is automatically activated when the output is approximately 1 V from either 
supply rail. When connected to the inverting input (in parallel with the closed-loop feedback resistor), the 
closed-loop gain is reduced and the TLC2652M output is prevented from going into saturation. Since the 
output must source or sink current through the switch (see Figure 7), the maximum output voltage swing is 
slightly reduced. 


thermoelectric effects 


To take advantage of the extremely low offset voltage drift of the TLC2652M, care must be taken to 
compensate for the thermoelectric effects present when two dissimilar metals are brought into contact with 
each other (such as device leads being soldered to a printed circuit board). Dissimilar metal junctions to 
produce thermoelectric voltages in the range of several microvolts per degree Celsius (orders of magnitude 
greater than the 0.01-u.V/°C typical of the TLC2652M). 


To help minimize thermoelectric effects, careful attention should be paid to component selection and circuit 
board layout. Avoid the use of nonsoldered connections (such as sockets, relays, switches, etc.) in the input 
signal path. Cancel thermoelectric effects by duplicating the number of components and junctions in each 
device input. The use of low-thermoelectric-coefficient components, such as wire-wound resistors, is also 
beneficial. 


latch-up avoidance 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC2652M 
inputs and output are designed to withstand —100-mA surge currents without sustaining latch-up; however, 
techniques to reduce the chance of latch-up should be used whenever possible. Internal protection diodes 
should not, by design, be forward biased. Applied input and output voltages should not exceed the supply 
voltage by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. 
Supply transients should be shunted by using decoupling capacitors (0.1 uF typical) located across the supply 
rails as close to the device as possible. 


The current path established if latch-up occurs is usually between the supply rails and is limited only by the 
impedance of the power supply and the forward resistance of the parasitic thyristor. The chance of latch-up 
occurring increases with increasing temperature and supply voltage. 


electrostatic discharge protection 


The TLC2652M incorporates internal ESD-protection circuits that prevent functional failures at voltages at or 
below 2000 V. Care should be exercised in handling these devices, as exposure to ESD may result in 
degradation of the device parametric performance. 


theory of operation 


Chopper-stabilized operational amplifiers offer the best dc performance of any monolithic operational amplifier. 
This superior performance is the result of using two operational amplifiers —- a main amplifier and a nulling 
amplifier — plus oscillator-controlled logic and two external capacitors to create a system that behaves as a 
single amplifier. With this approach, the TLC2652M achieves submicrovolt input offset voltage, submicrovolt 
noise voltage, and offset voltage variations with temperature in the nV/°C range. 


The TLC2652M on-chip control logic produces two dominant clock phases — a nulling phase and an amplifying 
phase. The term “chopper-stabilized” derives from the process of switching between these two clock phases. 
Figure 34 shows a simplified block diagram of the TLC2652M. Switches A and B are make-before-break types. 
During the nulling phase, switch A is closed, shorting the nulling amplifier inputs together and allowing the 
nulling amplifier to reduce its own input offset voltage by feeding its output signal back to an inverting input 
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Main Amplifier 


Vpp - 


Figure 34. TLC2652M Simplified Block Diagram 


node. Simultaneously, external capacitor Cy, stores the nulling potential to allow the offset voltage of the 
amplifier to remain nulled during the amplifying phase. 


During the amplifying phase, switch B is closed, connecting the output of the nulling amplifier to a noninverting 
input of the main amplifier. In this configuration, the input offset voltage of the main amplifier is nulled. Also, 
external capacitor Cyp stores the nulling potential to allow the offset voltage of the main amplifier to remain 
nulled during the next nulling phase. 


This continuous chopping process allows offset voltage nulling during variations in time and temperature and 
over the common-mode input voltage range and power supply range. In addition, because the low-frequency 
signal path is through both the null and main amplifiers, extremely high gain is achieved. 


The low-frequency noise of a chopper amplifier depends on the magnitude of the component noise prior to 
chopping and the capability of the circuit to reduce this noise while chopping. The use of the Advanced 
LinCMOS process, with its low-noise analog MOS transistors and patent-pending input stage design, 
significantly reduces the input noise voltage. 


The primary source of nonideal operation in chopper-stabilized amplifiers is error charge from the switches. 


As charge imbalance accumulates on critical nodes, input offset voltage can increase, especially with 
increasing chopping frequency. This problem has been significantly reduced in the TLC2652M by use of a 
patent-pending compensation circuit and the Advanced LinCMOS process. 


The TLC2652M incorporates a feed-forward design that ensures continuous frequency response. Essentially, 
the gain magnitude of the nulling amplifier and compensation network crosses unity at the break frequency 
of the main amplifier. As a result, the high-frequency response of the system is the same as the frequency 
response of the main amplifier. This approach also ensures that the slewing characteristics remain the same 
during both the nulling and amplifying phases. 
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TL€2654M, TLC2654AM 
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D3174, NOVEMBER 1988 — REVISED OCTOBER 1991 


available features JG PACKAGE 


e Input Noise Voltage (TOP VIEW) 


0.5 pV p-p Typ, f =. Oto 1 Hz 
1.5 pV p-p Typ, f = Oto 10 Hz 
47 nVNNHz Typ, f = 10 Hz 

13 nV/VHz Typ, f = 1kHz 


e High Chopping Frequency ... 10 kHz Typ 


J PACKAGE 
e No Clock Noise Below 10 kHz (TOP VIEW) 
e No Intermodulation Error Below 5 kHz Cyp [1 Trt) INTEXT 
e Low Input Offset Voltage ... 10 pV Max CXA[J2 13{] CLKIN 
sa NC {]3 = 12] | CLK OUT 
e Excellent Offset Voltage Stability IN — 111] Vpp + 


With Temperature ... 0.05 nV/°C Max IN+[]5  10[] OUT 


e Ayp ... 135dB Min NC []6 9] |] CLAMP 
Vpp — 8] | C RETURN 

e CMRR ... 110dB Min 

e ksyprR --- 120d0B Min FK PACKAGE 


(TOP VIEW) 


e Single-Supply Operation 
e Common-Mode Input Voltage Range 


ee 
am ‘We 
Includes the Negative Rail SELES 
e No Noise Degradation With External 30 19 
Capacitors Connected to Vpp-— Nc {]4 18[] CLK OUT 
; NC {|5 17[}] NC 
description iIn- fle 16[] Vpp + 
The TLC2654M and TLC2654AM are low-noise seg puke 
chopper-stabilized operational amplifiers using the Nes ee, 
Advanced LinCMOS process. Combining this sess 
process with chopper stabilization circuitry makes o1'o2z a 
possible excellent dc precision. In addition, circuit ae te = < 
techniques are added that give the TLC2654M and = wo 
TLC2654AM noise performance unsurpassed by Oo 


similar devices. NC — No internal connection 


Chopper-stabilization techniques provide for extremely high dc precision by continuously nulling input offset 
voltage even during variations intemperature, time, common-mode voltage, and power supply voltage. The high 
chopping frequency of the TLC2654M and TLC2654AM provides excellent noise performance in a frequency 
spectrum from near dc to 10 kHz. In addition, intermodulation or aliasing error is eliminated from frequencies up 
to 5 KHz. 


AVAILABLE OPTIONS 


PACKAGE 
Ta a CERAMIC CERAMIC CHIP 
DIP DIP CARRIER 
(JG) (J) (FK) 


-55°C to} 10nV~ | TLC2654AMJG TLO2654AMJ | TLO2654AMFK 
125°C 20 pV TLC2654MJG TLO2654MJ TLO2654MFK 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of publication date. Products 


form to ifications per the terms of Texas Instruments standard Copyright © 1991, Texas Instruments Incorporated 

conform to specificatio ; 

warranty. Production processing does not necessarily include testing of all TEXAS vi pied aeresr Mop Lge tno neh te ‘deat kes nae 

egies IN STRUM Ee N TS ponenas processing does not necessarily include testing of ali 
parameters. 
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description (continued) | EQUIVALENT INPUT NOISE VOLTAGE 
This high dc precision and low noise, coupled with VS 
the extremely high input impedance of the CMOS FREQUENCY 


ay 
oO 
x 


input stage, make the TLC2654M and TLC2654AM 
an ideal choice for a broad range of applications 
such as low-level, low-frequency thermocouple 
amplifiers and strain gauges, as well as wide- 
bandwidth and subsonic circuits. (For applications 
requiring even greater dc precision, use the 
TLC2652M or TLC2652AM device, which has a 
chopping frequency of 450 Hz.) 


The TLC2654M and TLC2654AM common-mode 
input voltage range includes the negative rail, 
thereby providing superior performance in either 
single-supply or split-supply applications, even at 
power supply voltage levels as low as +2.3 V. 


Typical 250-Hz 
Chopper-Stabilized 
Operational Amplifier 
Baeserert 
aes ail ul | 
Two external capacitors are required to operate 10 TS aul 
1 10 


the device; however, the on-chip chopper control 100 1k 
circuitry is transparent to the user. On devices in f — Frequency —Hz 

the 14-pin and 20-pin packages, the control circuitry 

is accessible, allowing the user the option of 

controlling the clock frequency with an external frequency source. In addition, the clock threshold of the 
TLC2654M and TLC2654AM requires no level shifting when used inthe single-supply configuration with a normal 
CMOS or TTL clock input. 


Innovative circuit techniques used on the TLC2654M and TLC2654AM allow exceptionally fast overload 
recovery time. An output clamp pin is available to reduce the recovery time further. 


— 
x< 


— Equivalent Input Noise Voltage — nVVHz 
° 
oO 


Vn 


The device inputs and output are designed to withstand —100 mA surge currents without sustaining latch-up. In 
addition, the TLC2654M and TLC2654AM incorporate internal ESD-protection circuits that prevent functional 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015; however, care should be 
exercised in handling these devices as exposure to ESD may result in degradation of the device parametric 
performance. 


The TLC2654M and TLC2654AM are characterized for operation over the full military temperature range of 
—55°C to 125°C. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Saoirse: IPs (GORE orci ec! oh as Ss Fd dos sR pe Rae 2 0 <b eee oe eee 8 V 
oul OR te POE TE. Ta Ce Be spe ee es ss oe Sig SR ee a see an -8V 
inerenualanpul Vonage (S66 NCIC 2) 2... is i ees eee ek cd owes arsine eee Se ibautga es +16V 
HENMGE WOO, 7) Carty Ua; OOO INCI 1) exitestees Fe SS ey oo ils va o's se ek arian oe WalmteS +8V 
Voltage range on CLK IN and INT/EXT pins................ cece eee eee eee Vpp — to Vpp — + 5.2 V 
se ne SRN APE MUNI fo pare a s cg oS og eee net a8 seed os Wala vbw > 10 0 6 SO gRERE IOI Hee +5 mA 
RP MEI ne eee ee a on at A ee +50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ................ 00. ee eee eee unlimited 
rage mre ee BO ne a eo ck re tye ea 1a owe ihe +5 mA 
ORIG tLe GON. =. cco oA  OEpeN eS ves, soa caw ee eR A Ee See Dissipation Rating Table 
Operating free-air temperature range, TA cee cece eee eees - 55°C to 125°C. 
SeUeCer Sate ter tO TROOG 7a? ,-5.:05s > + | ARIMA ek soe s +. 0 scene 4S Sine b anon ed ee ee — 65°C to 150°C 
Ipaoe ieielaite 10F G0 -SACONdS: Fh DaCk ane re i iw cb eno Cen ee bee ea ee eee ee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or JG package .............. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vpp , and Vpp _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 125°C 
POWER RATING ABOVE T,=25°C POWER RATING 


PACKAGE 


1375 mW 11.0 mW/°C 275 mW 
1375 mW 11.0 mW/°C 275 mW 
1050 mW 8.4 mW/°C 


recommended operating conditions 


ee ee eee ee eg 
+23 #8 
 Cemmon-mody input voltage, Vig ae a ie Ve es 
[Operating Poser temporsig®, Tg oe a ee 
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electrical characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


TLC2654M TLC2654AM 
ARAMETER TEST CONDITIONS tat | _TLe2esam__ 
/_awweren | teetomomons | tt ae one ae a 
put offset voltage Br en A a aa ty 
1 lose Naw Fubrange [C07 apo foe a 


Temperature coefficient 
VIO of input offset voltage 


Input offset voltage long- 
term drift (see Note 5) 
lio Input offset current 


0.004 0.3* | pv/°C 


0.003 0.06* 0.003 0.02* 


pV/mo 


Fullrange [=O 


lip Input bias current 


Common-mode input 


Ro 4 

NIN O OF 
> |. no) « | §& 
ae 5: SR ss > <|& 


MIN 
0 
-5 
to 
2.7 
4.7 
4.7 
25 
105 
105 


004 0.3" 
V Rg = 50 Full range 
748 
fulenge | a7 oo eae ete | 
25°C -47 -49 -4.7  -A9 
Sealine 
peo 6s | A 
oda ee ee 
; Tl Ae en: aS 
oo) ey Soo eae be aS 
2 Pub ama fe Me 
al a Rd Vala SI 
Clamp off-state current Ry = 100 kQ i. et 
Fullnge [SOOT 80 
cmnA common-mode Yo= Vic =Vionmin| 25° [ios v5 | 0 as 
rejection ratio Rg = 90.2 Fab one | 105 
: Supply-voltage rejection | Vpp+ = +2.3Vto+8V, 110 125 Bk Se eS 
SYR __rato(aVpp+/4Vio) | Vo=% _Rs= 800 | Fullrange [tos | 
scien ERE YO VE ee 
AGUS ia teri one et te re 


*This parameter is not production tested. 

TFull range is — 55°C to 125°C. 

NOTES: 4. This parameter is not production tested. Thermocouple effects preclude measurement of the actual Vic of these devices in high- 
speed automated testing. Vic9 is measured to a limit determined by the test equipment capability at the temperature extremes. The 
test ensures that the stabilization circuitry is performing properly. 

5. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
6. Output clamp is not connected. 
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operating characteristics at specified free-air temperature, Vpp + = +5 V (unless otherwise noted) 


: sajna 25% 
SR+ Positive slew rate at unity gain Vo = £2.3V, Bet aa Vis 

rl sss RCE 

fiat oo 
SR- Negative slew rate at unity gain C,_ = 100 pF = shah V/s 
(= 1 


das Peak-to-peak equivalent input noise voltage ee oe uV 
i eyemione. Pee ndae enS oa 
Equivalent input noise current f = 1kHz (ee iG Pe ORR 004 PANE | ANH 


= 10 kHz, 
Gain-bandwidth product a = 10 kQ, 25°C MHz 
= 100 pF 


Phase margin at unity gain BRED 25°C 
®m re ae i = 100 pF 


TFull range is — 55°C to 125°C. 


TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 4-165 


TLG2654M, TLO2654AM : 
Advanced LinCMOS™ LOW-NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


table of graphs 


y Input offset voltage Distribution 
lO Normalized input offset voltage vs Chopping frequency 
lio Input offset current Ve Se eee 
vs Temperature 


vs Common-mode voltage 
vs Chopping frequency 
vs Temperature 


V Maximum peak output voltage 
OM swing vs Temperature 
V Maximum peak-to-peak output voltage 
O(PP) swing Frequency 


s 
S 
s 
Vs 
RR tea he Ee Ee 
A Differential voltage amplification 
vs Temperature 
Chopping frequency vs Supply voltage 
vs Temperature 
vs 
vs 
ircui vs 
vs 
S 
s 


lip Input bias current 


=. 
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| Short-circuit output current — — ee | 
emperature 
S Slew rate vs Supply voltage 
vs Temperature 
pa a ee 
arge-signa 
Vv Peak-to-peak equivalent input nae 
hail noise voltage Vv opping frequency 
: a ae 


s 
27 
KsvR Supply-voltage rejection ratio 
S 
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s Temperature 


VD 
fch 
Supply voltage 
| Supply current 
OS 
R 


vs Supply voltage 
vs Temperature 


$m Phase shift 


Phase margin 
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TYPICAL CHARACTERISTICS 
DISTRIBUTION OF TLC2654M NORMALIZED INPUT OFFSET VOLTAGE 
INPUT OFFSET VOLTAGE pbs 


CHOPPING FREQUENCY 


456 Units Tested From 4 Wafer Lots 


> 
+ st 
TA = 25°C : 
JG Package & 
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& o 
; 3 
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$ 3 10 
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> 
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140 
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capacitor selection and placement 


Leakage and dielectric absorption are the two important factors to consider when selecting external capacitors 
Cya and Cyp. Both factors can cause system degradation negating the performance advantages realized 
by using the TLC2654M. 


Degradation from capacitor leakage becomes more apparent with increasing temperatures. Low-leakage 
Capacitors and standoffs are recommended for operation at Ta = 125°C. In addition, guard bands around the 
Capacitor connections on both sides of the printed circuit board are recommended to alleviate problems 
caused by surface leakage on Circuit boards. 


Capacitors with high dielectric absorption tend to take several seconds to settle upon application of power, 
which directly affects input offset voltage. In applications needing fast settling of input offset voltage, it is 
recommended that high-quality film capacitors, such as mylar, polystyrene, or polypropylene, be used. In 
other applications, however, a ceramic or other low-grade capacitor may suffice. 


Unlike many choppers available today, the TLC2654M is designed to function with values of Cy, and Cyp 
in the range of 0.1 uF to 1 uF without degradation to input offset voltage or input noise voltage. These 
capacitors should be located as close as possible to the Cy, and Cyp pins and returned to either the Vpp_— 
pin or the C RETURN pin. Note that on many choppers, connecting these capacitors to the Vpp-_ pin causes 
degradation in noise performance, a problem that is eliminated on the TLC2654M. 


internal/external clock 


The TLC2654M has an internal clock that sets the chopping frequency to a nominal value of 10 kHz. On 
8-pin packages, the chopping frequency can only be controlled by the internal clock; however, on all 14-pin 
packages and the 20-pin FK package, the device chopping frequency may be set by the internal clock or 
controlled externally by use of the INT/EXT and CLK IN pins. To use the internal 10-kHz clock, no connection 
is necessary. If external clocking is desired, connect the INT/EXT pin to Vpp- and the external clock to CLK 
IN. The external clock trip point is 2.5 V above the negative rail; however, the CLK IN pin may be driven 
from the negative rail to 5 V above the negative rail. This allows the TLC2654M to be driven directly by 
5-V TTL and CMOS logic when operating in the single-supply configuration. If this 5-V level is exceeded, 
damage could occur to the device unless the current into the CLK IN pin is limited to+5 mA. A divide-by-two 


frequency divider interfaces with the CLK IN pin 
and sets the chopping frequency. The chopping 
frequency appears on the CLK OUT pin. —$—____—. 
Vpp + = +5 V if 
meee | VET 
7 


overload recovery/output clamp 


me 3 20 5 'so 40 rgd 60 a Sys 80 
t-— Time —ms 


Figure 33. Overload Recovery 


When large differential input voltage conditions 
are applied to the TLC2654M, the nulling loop 
attempts to prevent the output from saturating by 
driving Cya and Cygp to internally-clamped 
voltage levels. Once the overdrive condition is 
removed, a period of time is required to allow the 
built-up charge to dissipate. This time period is 
defined as overload recovery time (see 
Figure 33). Typical overload recovery time is 
significantly faster than competitive products; 
however, if required, this time can be reduced 
further by use of internal clamp circuitry 
accessible through the CLAMP pin. 


as 


Vo — Output Voltage - V 


V — Input Voltage - mV 
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The clamp is simply a switch that is automatically activated when the output is approximately 1 V from either 
supply rail. When connected to the inverting input (in parallel with the closed-loop feedback resistor), the 
closed-loop gain is reduced and the TLC2654M output is prevented from going into saturation. Since the 
output must source or sink current through the switch (see Figure 8), the maximum output voltage swing is 
slightly reduced. 


thermoelectric effects 


To take advantage of the extremely low offset voltage temperature coefficient of the TLC2654M, care must 
be taken to compensate for the thermoelectric effects present when two dissimilar metals are brought into 
contact with each other (such as device leads being soldered to a printed circuit board). It is not uncommon 
for dissimilar metal junctions to produce thermoelectric voltages in the range of several microvolts per degree 
Celsius (orders of magnitude greater than the 0.01-.V/°C typical of the TLC2654M). 


To help minimize thermoelectric effects, careful attention should be paid to component selection and circuit 
board layout. Avoid the use of nonsoldered connections (such as sockets, relays, switches, etc.) in the input 
signal path. Cancel thermoelectric effects by duplicating the number of components and junctions in each 
device input. The use of low-thermoelectric-coefficient components, such as wire-wound resistors, is also 
beneficial. 


latch-up avoidance 


Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC2654M 
inputs and output are designed to withstand —100-mA surge currents without sustaining latch-up; however, 
techniques to reduce the chance of latch-up should be used whenever possible. Internal protection diodes 
should not be forward biased in normal operation. Applied input and output voltages should not exceed the 
supply voltage by more than 300 mV. Care should be exercised when using capacitive coupling on pulse 
generators. Supply transients should be shunted by using decoupling capacitors (0.1 uF typical) located 
across the supply rails as close to the device as possible. 


The current path established if latch-up occurs is usually between the supply rails and is limited only by the 
impedance of the power supply and the forward resistance of the parasitic thyristor. The chance of latch-up 
occurring increases with increasing temperature and supply voltage. 


electrostatic discharge protection 


The TLC2654M incorporates internal ESD-protection circuits that prevent functional failures at voltages at or 
below 2000 V. Care should be exercised in handling these devices, as exposure to ESD may result in 
degradation of the device parametric performance. 


theory of operation 


Chopper-stabilized operational amplifiers offer the best dc performance of any monolithic operational amplifier. 
This superior performance is the result of using two operational amplifiers — a main amplifier and a nulling 
amplifier — plus oscillator-controlled logic and two external capacitors to create a system that behaves as a 
single amplifier. With this approach, the TLC2654M achieves submicrovolt input offset voltage, submicrovolt 
noise voltage, and offset voltage variations with temperature in the nV/°C range. 


The TLC2654M on-chip control logic produces two dominant clock phases — a nulling phase and an amplifying 
phase. The term “chopper-stabilized” derives from the process of switching between these two clock phases. 
Figure 34 shows a simplified block diagram of the TLC2654M. Switches A and B are make-before-break types. 
During the nulling phase, switch A is closed, shorting the nulling amplifier inputs together and allowing the 
nulling amplifier to reduce its own input offset voltage by feeding its output signal back to an inverting input 
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Main 


Figure 34. TLC2654M Simplified Block Diagram 


node. Simultaneously, external capacitor Cy, stores the nulling potential to allow the offset voltage of the 
amplifier to remain nulled during the amplifying phase. 


During the amplifying phase, switch B is closed, connecting the output of the nulling amplifier to a noninverting 
input of the main amplifier. In this configuration, the input offset voltage of the main amplifier is nulled. Also, 
external capacitor Cyp stores the nulling potential to allow the offset voltage of the main amplifier to remain 
nulled during the next nulling phase. 


This continuous chopping process allows offset voltage nulling during variations in time and temperature and 
over the common-mode input voltage range and power supply range. In addition, because the low-frequency 
signal path is through both the null and main amplifiers, extremely high gain is achieved. 


The low-frequency noise of a chopper amplifier depends on the magnitude of the component noise prior to 
chopping and the capability of the circuit to reduce this noise while chopping. The use of the Advanced 
LinCMOS process, with its low-noise analog MOS transistors and patent-pending input stage design, 
significantly reduces the input noise voltage. 


The primary source of nonideal operation in chopper-stabilized amplifiers is error charge from the switches. 
As charge imbalance accumulates on critical nodes, input offset voltage can increase, especially with 
increasing chopping frequency. This problem has been significantly reduced in the TLC2654M by use of a 
patent-pending compensation circuit and the Advanced LinCMOS process. 


The TLC2654M incorporates a feed-forward design that ensures continuous frequency response. Essentially, 
the gain magnitude of the nulling amplifier and compensation network crosses unity at the break frequency 
of the main amplifier. As a result, the high-frequency response of the system is the same as the frequency 
response of the main amplifier. This approach also ensures that the slewing characteristics remain the same 
during both the nulling and amplifying phases. 


The primary limitation on ac performance is the chopping frequency. As the input signal frequency approaches 
the chopper’s clock frequency, intermodulation (or aliasing) errors result from the mixing of these frequencies. 
To avoid these error signals, the input frequency must be less than half the clock frequency. Most choppers 
available today limit the internal chopping frequency to less than 500 Hz in order to eliminate errors due to 
the charge imbalancing phenomenon mentioned previously. However, to avoid intermodulation errors on a 
500-Hz chopper, the input signal frequency must be limited to less than 250 Hz. The TLC2654M removes this 
restriction on ac performance by using a 10-kHz internal clock frequency. This high chopping frequency allows 
amplification of input signals up to 5 kHz without errors due to intermodulation and greatly reduces low- 
frequency noise. 
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TLC5502-5M 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


D3996, MARCH 1992 


° LinEPIC™ 1-um CMOS Process J PACKAGE 
(TOP VIEW) 
* 8-Bit Resolution 


DGTL GND1|} 14 || ANLG GND 


° Differential Linearity Error ...+0.2% Max (LSB) Dof] 2 o3f] DGTL Vat 
DD 
¢ Maximum Conversion Rate... 20 MHz Typ Di[} 3 221] ANLG Vpp 
...10 MHz Min D274 21} REFB 
2 D3{} 5 201] ANLG INPUT 
Analog Input Voltage Range ...0V to Vpp D4M] 6 191] ANLG INPUT 


D5|} 7 181] REFM 

D6}] 8 171} REFT 

° Low Power Consumption ...150 mW Typ (MSB) D7{[]} 9 16]] ANLG Vpp 
‘ CLK{] 10 151] DGTL Vpp2 

* _5-V Single-Supply Operation DGTLGND2q 11 i4l] ANLG GND 


NCI} 12 13]] NC 


° TTL Digital I/O Level 


description 


The TLC5502-5M is a low-power ultra-high-speed NC—No internal connection 

8-bit analog-to-digital converter that uses the 

LinEPIC™ CMOS process. It utilizes the full parallel comparison (flash method) for high-speed conversion. 
Because of such high-speed capability, the TLC5502-5M is suitable for motor control, high-speed signal 
processing, and video or radar signal processing. 


Separate analog and digital supply pins are provided to reduce coupling between the high-speed digital 
switching sections and the lower-frequency analog signal comparators. This pin partitioning minimizes crosstalk 
and unwanted spurious signals. 


The TLC5502-5M is characterized for operation from —55°C to 125°C. 


y During storage or handling, the device leads should be shorted together or the device should be placed in conductive foam. In a circuit, 

unused inputs should always be connected to an appropriated logic voltage level, preferably either Vcc or ground. Specific guidelines 

‘ 4 A for handling devices of this type are contained in the publication Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 
Devices and Assemblies available from Texas Instruments. 


LinEPIC is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of publication date. Products Copyright © 1992, Texas Instruments Incorporated 
conform to specifications per the terms of Texas Instruments standard j 

warranty. Production processing does not necessarily include testing of all 
parameters. 
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functional block diagram 


10 


CLK 
19, 20 
ANLG INPUT | 
ReFt y 
x 


2 7 (MSB) 
8 
D6 
D5 
255-to-8 6 
Encoder D4 
1 
5 
REFM D3 
4 
D2 
3 
D1 
2 
DO (LSB) 
2 
REFB 
operating sequence 
CLK 
Sample Sample Sample 
N N+1 N+2 
ANALOG { | { { 
INPUT 


Data Data Data 
D007 Rat 


Following the operating sequence above, the rising edge of the clock samples the analog input (Sample N) at 
time ty and latches sample N—1 at the output. Sample N is encoded to eight digital lines on the next falling edge 
of the clock and then the following high clock level latches these eight bits to the outputs (with a delay ty) and 
acquires sample N + 1. Conversion is completed in one clock cycle and continues the sequence for the next 
cycle. 


4—180 


j 
TEXAS vg 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


TLC5502-5M 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


equivalents of analog input circuit 


ANALOG INPUT SAMPLE AND HOLD 
S 


ANLG INPUT 


Sample- 
and- 


Hold 
Circuit 


(256—m)R 
(256—m)R 


t m = comparator position along the resistor string 


t M 
Vief = [Vretr — VresB| [ ¥ x + Vref 


equivalent of digital input circuit 
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TLC5502-5M 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


FUNCTION TABLE 


arep ANALOG INPUT DIGITAL OUTPUT 
VOLTAGET CODE 


T These values are based on the assumption that Vrefg and Vref 
have been adjusted so that the voltage at the transition from digital 
0 to 1 (Vzq) is 0 V and the transition to full scale (Vet) is 4.8545 V. 
1 LSB = 19 mV. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Suppiy Voltage range “ANG Ver ig60 NOG TS oe oon ca cain nek bin daa ya nape Ke ete ee —0.5Vto7V 
poppe vVousoe tanger es (900 NOI) oo ic ie cs cack nv ea ped gewg ed eneewtewenas.s —0.5Vto7V 
Bere Vie SPINE NEI eerie ng ae kee vio bs oh vo ales bitny eel cae RO —0.3 V to DGTL Vpp + 0.3 V 
Input voltage range at analog input, Vy ............ cece cece eee e ne eees —0.5 V to ANLG Vpp + 0.5 V 
POG TOrOranice VOU TANG Veg Fi cers k ss eS ks oan oie tea aceeee ens —0.5 V to ANLG Vpp + 0.5 V 
Operating 166-air Temperature faNG9, Fa sass i cick ek ee cecns bea bined seem nese aes —55°C to 125°C 
Bree merit AE RE ayes se ge apt doo a vk ace w eee Wado We no hee Ee ae Be —55°C to 150°C 
Lead temperature-1,6 mm (1/16 inch) from case for 10 S@CONdS .......... cc cece cee reece eeees 260°C 


NOTE 1: Voltages at analog inputs and ANLG Vpp are with respect to the ANLG GND terminals. Voltages at the digital outputs and DGTL Vpp 
are with respect to the DGTL GND terminals. 


recommended operating conditions 


Ee ee Ee a ee 
Supply voltage, ANLG Vpp 4.75 5 5.25 
Supply voltage, DGTL Vpp 4.75 5 - 525 

High-level input voltage, Vj, CLK 


Low-level input voltage Vj, , CLK Seay eee 
Input voltage at analog input, V| Bah eS 


Analog reference voltage (top side), Vrefr pu 
Analog reference voltage (midpoint), Vref TS eih 


Analog reference voltage (bottom side), Vrefp 


High-level output current, IoH 
Low-level output current, lo. 
Clock pulse duration, high or low, twH OF twL. 


Operating free-air temperature, Ta 


Differential reference voltage, Vreft — VrefB ea See 
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TLC5502-5M 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


electrical characteristics over operating supply voltage range, T, = 25°C 


[Vou Low-level outputvotage | lo=4ma_ SCS SSSCS~C~C~S YT Vd 
Vi= 0105V, fejogy = 10 Ma 
Go Amloronempatiens <1 Se RT es og Bee 
bp saan ee pe 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
fefman) Maximum conversion rat Peer fe ey te ee 


fcock= 99WHZ, iy=97KRz | ~~ CdC 
BW = 5 MHz MRT 


tq Delay time, digital output 
t SNR is total noise without THD. 


timing diagram 


j 
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TLC5502-5M 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


TYPICAL CHARACTERISTICS 


11111111 255 
oT TTI A 
ay Aig me eae? <1) . 
11111101 SK 253 
ee feb A Fa ae 
2 e 6 A e 
8 e » 
| 10000001 
Qa 
s ry 
6 10000000 2 
s 
> 01111111 
a 3 
e 
00000010 
00000001 
00000000 
S o co oO N © = < 5 
SE Boos F Boon § FHS 
o So oOo N N N wv TrvTreger 


V; — Analog Input Voltage — V 


NOTE A: This curve is based on the assumption that Vrefg and Vreff have been adjusted so that the voltage at the transition from digital 0 to 1 
(VzT) is 0 and the transition to full scale (Vet) is 4.8545 V. 1 LSB = 19 mV. 


Figure 1. Ideal Conversion Characteristics 


SUPPLY CURRENT REFERENCE CURRENT 
vs vs 
OPERATING FREE-AIR TEMPERATURE OPERATING FREE-AIR TEMPERATURE 


1 pp — Supply Current —-mA 
lref — Reference Current —-mA 


0 10 20 30 40 50 60 70 
Ta — Operating Free-Air Temperature — °C Ta — Operating Free-Air Temperature — °C 


Figure 2 Figure 3 


ag 
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TYPICAL CHARACTERISTICS 
TOTAL HARMONIC DISTORTION TOTAL HARMONIC DISTORTION 
vs vs 
OPERATING FREE-AIR TEMPERATURE OPERATING FREE-AIR TEMPERATURE 


Vpp =5V 
fIN = 1.25 MHz 
felock =10 MHz 


Vpp =5V 
fin = 100 kHz 
felock = 10 MHz 


THD — Total Harmonic Disstortion — dB 
THD — Total Harmonic Distortion — dB 


0 10 20 30 40 50 60 70 


Ta — Operating Free-Air Temperature — °C Ta — Operating Free-Air Temperature — °C 
Figure 4 Figure 5 
DIFFERENTIAL LINEARITY ERROR DIFFERENTIAL LINEARITY ERROR 
vs vs 
SUPPLY VOLTAGE 


Ep — Differential Linearity Error —- dB 
Ep — Differential Linearity Error —- dB 


4.75 4.875 5.0 5.125 5.25 
Vpp — Supply Voltage — V Ta — Operating Free-Air Temperature — °C 
Figure 6 Figure 7 
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TLC5502-5M 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


TYPICAL CHARACTERISTICS 


TOTAL HARMONIC DISTORTION TOTAL HARMONIC DISTORTION 
vs vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Ta = 25°C 
fin = 97 kHz 
felock = 9-9 MHz 


Tp = 25°C 
fIN = 100 kHz 


THD — Total Harmonic Distortion — dB 
THD — Total Harmonic Distortion — dB 


4.75 4.875 5.0 5.125 5.25 4.75 4.875 5.0 5.125 
Vpp — Supply Voltage — V Vpp — Supply Voltage - V 
Figure 8 Figure 9 


PARAMETER MEASUREMENT INFORMATION 


Measurement 
Point 
5V 
To Rit =2kQ 
Digital ¢ (05) 
Output 
CL = 15 pF 


Figure 10. Load Circuit 
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TLC5502-5M 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


APPLICATION INFORMATION 


The following design recommendations will benefit the TL.C5502-5M user: 


1; 


External analog and digital circuitry should be physically separated and shielded as much as possible to 
reduce system noise. 


RF breadboarding or PCB techniques should be used throughout the evaluation and production process. 
Breadboards should be copper clad for bench evaluation. 


Since the ANLG GND, DGTL GND1, and DGTL GND2 are not connected internally, these pins need to be 
connected externally. With breadboards, these ground lines should be connected through separate leads 
with proper supply bypassing. A good method to use is a separate twisted-pair cable for the supply lines 
to minimize noise pickup. An analog and digital ground plane should be used on PCB layouts. 


Since the ANLG Vpp, DGTL Vpp1, and DGTL Vpp2 are not connected internally, these pins also need to 
be connected externally. To connect ANLG Vpp, DGTL Vpp1, and DGTL Vpp2, a 50-2 resistor should be 
placed in series with DGTL Vpp1 and then a 0.1-uF capacitor to ground before being connected to 
ANLG Vpp and DGTL Vppp. 


ANLG Vpp to ANLG GND, DGTL Vpp1 to DGTL GND1, and DGTL Vpp2 to DGTL GND2 should be 
decoupled with 1-uF and 0.01-uF capacitors, respectively, as close as possible to the appropriate device 
pins. A ceramic-chip capacitor is recommended for the 0.01-uF capacitor. Care should be exercised to 
assure a Solid noise free ground connection for the analog and digital grounds. 


The no connection (NC) pins on the J package should be connected to ground. 


ANLG Vpp, ANLG GND, and ANLG INPUT should be shielded from the higher-frequency pins, CLK and 
DO—D7. If possible, ANLG GND traces should be placed on both sides of the ANLG INPUT traces on the 
PCB. 


In testing or application of the device,.the resistance of the driving source connected to the analog input 
should be 10 Q or less within the analog frequency range of interest. 


ag 
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TLC5602M 
LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER 


D3224, FEBRUARY 1989 — REVISED MARCH 1992 


° 8-Bit Resolution J PACKAGE 
(TOP VIEW) 
® +0.2% Linearity 
¢ Maximum Conversion Rate NCU 1 ~ 20[ NC 
30 MHz Typ DGTL GND [] 2 19] DO (LSB) 
20 MHz Min DGTL Vop H 3 18 | D1 
COMP {} 4 17[] D2 
° Analog Output Voltage Range of REF |] 5 16}} D3 
Vpp to Vpp-1 V ANLG Vpp1 U6 151} D4 
* TTL Digital Input Voltage ieee Lt fy: a 
DD 
° 5-V Single Power Supply Operation DGTL Vpp U 9 121] D7 (MSB) 
ANLGGND{} 10 ~—-11 || CLK 


° Low Power Consumption 


80 mW Typical FK PACKAGE 
SES OP VIE 

description ws ss 

Zz = 

The TLC5602M is a low-power, ultra-high speed S e D 

8-bit video digital-to-analog converter that uses 5 = ees = 

the LinEPIC™ 1-um CMOS process. The oe er ge 

TLC5602M converts digital signals to analog tothe Naa ett hae 
signals at a sampling rate of dc to 20 MHz. COMP Aa” ee 1) 
Because of high-speed operation, the TLC5602M REF []5 17[] D2 


is suitable for digital video applications such as 
digital television, video processing with a 
computer, and radar-signal processing. 


ANLG Vpp1 5 6 


ANLG Vpp2 [] 8 


A OUT [}7 


9 
The TLC5602M is characterized for operation es ae | oe ee | 
from —55°C to 125°C. aoxaos 
| 2509 
Se 
an 
functional block diagram S Z 5 
4 
COMP NC-No internal connection 
REF : ee 
Buffer Current 
Driver Switches 
11 With With 
CLK Register Resistor 


7 
1x4 A OUT 


12-19 
D7-—DO e. Decode 
8 8 


LinEPIC is a trademark of Texas Instruments Incorporated. 


Copyright © 1992, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily 


PRODUCTION DATA information is current as of publication date. dis 
include testing of all parameters. 
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TLC5602M 
LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER 


FUNCTION TABLE 
DIGITAL INPUTS 


TVpp = 5 V, Vref = 4.050 V. 
schematic of digital input and analog output 


EQUIVALENT OF EACH DIGITAL INPUT EQUIVALENT OF ANALOG OUTPUT 


DGTL DGTL 
VpD VppD 


+ ANLG GND and DGTL GND are not connected internally and should be tied together as close to the device pins as possible. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


suOply volando range, AINLG iV ries, 0G TE ogi i eies ice hed hess teens baeve AD bate eepenes —0.5Vto7V 
era RAS BUR DE RMU NC Sg sary cos slat sp ob dp 4°83 Ca Rule wg ha oa 9h We SEA Ee —0.5Vto7V 
Analog reference voltage range, Vrog 1... sees ccec cas cccsncsecreccensvess Vpp —1.7 V to Vpp + 0.5 V 
PIDOTAUID WOE-Git Terr etn ee FIG ie ss 5 pole eas 4s bas ves wn ad ahead ed See eee —55°C to 125°C 
aan aMaID CATA RP NaS a adv 00s se 8 ds ne ha PA San Med cS eo Ce —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 SecondS .......... cece eee e cece eee e neues 260°C 
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TLC5602M 
LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER 


recommended operating conditions 


a a 
Supply voltage, Vpp 
Analog reference voltage, Vref 
High-level input voltage, VjH See ee 
Low-level input voltage, Vj,_ ae SS 
Pulse duration, CLK high or low, tw ee Seer eS 
Setup time, data before CLK?, tsy EET Maes ee oo 
Hold time, data after CLK, th i ree ee, 


Phase compensation capacitance, Cegmp (see Note 1) 
Operating free-air temperature, TA 
NOTE 1: The phase compensation capacitor should be connected between COMP and ANLG GND. 


electrical characteristics over recommended ranges of supply voltage and specified free-air 
temperature (unless otherwise noted) 


PARAMETER 
Digital [Vi=5V frulriege:| ee ae 
Vi=0 Pranrange: ea 
ref__Input reference current agen co twee | ae ae Ae 
Ves __ Full-scale analog output voltage 
Vpp = 5V, Vref = 4.05 V 3.919 3.98 4.062 
3.919 3.98 4.042 
fo Oulput resistance Py ae ens [ee te ae 
Gj; _Input capacitance 
Ipp _ Supply current 


T Full range is Ta = —55°C to 125°C. 


Vzs  Zero-scale analog output voltage 


operating characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


; = 25° +0.2% 
a1 Linearity error, best straight line The Se yr ek ees de 
Ta=—85°C 10 125°C a ee 


Ec nentyennempent ©. sg) elo Le 
Eg Unentty enor diteraial Ts Fe 
NTSC AIRE modulatedramp, [orm 
[eat Diflerentalphase SSC loc = 14.3 M2 MRPMPERS Loca ects 
‘ips Propagation delay, CLKto analog output —‘[C.=10pF_SOSC~—SC‘C~‘“~sSCSCSC~‘“dtCi 
ig Setting time towinn ise ———~—S—<dtope dC 


¢ All typical values are at Vpp = 5 V and Ta = 25°C. 


wy 


TEXAS ““ 
INSTRUMENTS 
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 4-191 


~ 
2“™ 


TLC5602M 
LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER 


PARAMETER MEASUREMENT INFORMATION 


D7-DO 


Figure 1. Voltage Waveforms 


TYPICAL CHARACTERISTICS 


IDEAL CONVERSION CHARACTERISTICS BEST-STRAIGHT-LINE LINEARITY ERROR 


Vpp =5V 


Vo — Analog Output Voltage — V 
Vo — Analog Output Voltage —V 


BB oei F Feed FE Tori 
a 8 = = ee = S 2 2 = 3 3 - + = 
i=) i=) oO ” ™ = — - o = - co aoa aoa a 
Digital Input Code Digital Input Code 
Figure 2 Figure 3 
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TLC5602M 
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TYPICAL CHARACTERISTICS 


ZERO-SCALE OUTPUT VOLTAGE OUTPUT RESISTANCE 
vs vs 
TEMPERATURE TEMPERATURE 

> Vret = 4.05 V 

See Note A 

oD 

z Gi 

$ 

3 : 
o 

fe) b 

% S 

fr) a. 

o > 

= ° 

e C 

> 

92 5 
-75 -55 -35 -15 5 25 45 65 85 105 125 -75 -55 -35 -15 5 25 45 65 85 105 125 
Ta — Free-Air Temperature —°C Ta — Free-Air Temperature —°C 
Figure 4 Figure 5 
SUPPLY CURRENT ZERO-SCALE OUTPUT VOLTAGE 
vs vs 
TEMPERATURE REFERENCE VOLTAGE 


Ta = 25°C 
See Note A 


Ipp — Supply Current -mA 
Vzs — Zero-Scale Output Voltage — V 


-75 -55 -35 -15 5 25 45 65 85 105 125 34. BS236 "A 42° S48 06 ee 
Ta — Free-Air Temperature —°C Vref — Reference Voltage — V 
Figure 6 Figure 7 


NOTE A: Vref is relative to ANLG GND. Vpp is the voltage between ANLG Vpp and DGTL Vpp tied together and ANLG GND and DGTL GND 


tied together. 
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TLC5602M 


LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER 


APPLICATION INFORMATION 


The following design recommendations will benefit the TLC5602M user: 


x 


External analog and digital circuitry should be physically separated and shielded as much as possible to 
reduce system noise. 


Use RF breadboarding or RF printed-circuit board (PCB) techniques throughout the evaluation and 
production process. 


Since ANLG GND and DGTL GND are not connected internally, these pins need to be connected 
externally. With breadboards, these ground lines should be connected to the power supply ground 
through separate leads with proper supply bypassing. Agood method is to use a Separate twisted pair for 
the analog and digital supply lines to minimize noise pickup. 


Wide ground leads or a ground plane should be used on the PCB layouts to minimize parasitic 
inductance and resistance. The ground plane is the better choice for noise reduction. 


ANLG Vpp and DGTL Vpp are also separate internally, so they must be connected externally. These 
external PCB leads should also be made as wide as possible. A ferrite bead or equivalent inductance 
should be placed in series with ANLG Vpp and the decoupling capacitor as close to the device pins as 
possible before the ANLG Vpp and DGTL Vpp leads are connected together on the board. 


ANLG Vpp to ANLG GND and DGTL Vpp to DGTL GND should be decoupled with a 1-uF and 0.01-uF 
capacitor, respectively, as close as possible to the appropriate device pins. A ceramic chip capacitor is 
recommended for the 0.01-uF capacitor. 


The phase compensation capacitor should be connected between COMP and ANLG GND with as short 
a lead-in as possible. 


The no-connection (NC) pins on the small-outline package should be connected to ANLG GND. 


ANLG Vpp, ANLG GND, and A OUT should be shielded from the high-frequency pins, CLK and DO-D7. 
ANLG GND ground traces should be placed on both sides of the A OUT trace on the PCB. 
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TLC32040M 
ANALOG INTERFACE CIRCUIT 


D3486, MAY 1990 


° Advanced LinCMOS™ Silicon-Gate Process J PACKAGE 
Technology (TOP VIEW) 
° 14-Bit Dynamic Range ADC and DAC NU TI 3 oat] NU 
* Variable ADC and DAC Sampling Rate up to RESET 27 |} NU 
19200 Samples Per Second EODR 26} IN+ 
FS 251] IN— 
°* Switched-Capacitor Antialiasing Input Filter DR [} 5 24|| AUX IN+ 
and Output-Reconstruction Filter MSTR CLK [] 6 23}| AUX IN- 


Vop 7 1] OUT + 


° Serial Port for Direct Interface to REF I] 3 91f] OUT 


SMJ320E14, SMJ32020, SMJ320C25, and 
tpg ve ; , DGTL GND |} 9 201] Vocs 
SMJ320C30 Digital Processors SHIFT CLK[} 10 191] Voc. 


* Synchronous or Asynchronous ADC and EODX {} 11 18{| ANLG GND 
DAC Conversion Rates With Programmable DX [J 12 ||] ANLG GND 
Incremental ADC and DAC Conversion WORD/BYTE [] 13 16]} NU 
Timing Adjustments FSX [} 14s 15{] NU 


° . Serial Port Interface to SN54299 
Serial-to-Parallel Shift Register for Parallel FK PACKAGE 
Interface to SMJ320C10, SMJ320C15, (TOP VIEW) 


SMJ320E15, or Other Digital Processors ie fh 
—— i O ty 2223S 
description ee ee ee 
The TLC32040M interface circuit is a complete ort] 5 o5{] IN— 
analog-to-digital and _ digital-to-analog input/ MSTR CLKI] 6 ol] AUX IN+ 
output system on a single monolithic CMOS Van {] 7 931] AUX IN— 
chip. This device integrates a band-pass Mee ls oof OUT+ 
qeaeccmoseet atieietes het Me, 8 oan oll af}our- 
_ SHIFT CLK [] 10 20L] Voc+ 


microprocessor-compatible serial port modes, a 


14-bit-resolution D/A converter, and a low-pass ene 121314 1516 171 18 Vec- 
switched-capacitor output reconstruction filter. — a 
The device offers numerous combinations of ils ae2ees 
; 3 Oz a 
master clock input frequencies and conversion/ fo O° 
sampling rates, which can be changed via digital a s s 
processor control. S << 
Typical applications for this integrated circuit NU—Nonusable; no external connection should be made to 
include modems (7.2-, 8-, 9.6-, 14.4-, and these pins. 


19.2-kKHz sampling rate), analog interface for 

digital signal processors (DSPs), speech recognition/storage systems, industrial process control, biomedical 
instrumentation, acoustical signal processing, spectral analysis, data acquisition, and instrumentation 
recorders. Four serial modes, which allow direct interface to the SMJ320E14, SMJ32020, SMJ320C25, and 
SMJ320C30 digital signal processors, are provided. Also, when the transmit and receive sections of the analog 
interface circuit (AIC) are operating synchronously, it will interface to two SN54299 serial-to-parallel shift 
registers. These serial-to-parallel shift registers can then interface in parallel to the SMJ320C10, SMJ320C15, 
SMJ320E15, other digital signal processors, or external FIFO circuitry. Output data pulses are emitted to inform 
the processor that data transmission is complete or to allow the DSP to differentiate between two transmitted 
bytes. A flexible control scheme is provided so that the functions of the integrated circuit can be selected and 
adjusted coincidentally with signal processing via software control. 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 


PRODUCTION DATA information is current as of publication date. Ri Copyright © 1990, Texas Instruments Incorporated 
testing of all parameters. 
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TLC32040M 
ANALOG INTERFACE CIRCUIT 


description (continued) 


The antialiasing input filter comprises seventh-order and fourth-order CC-type (Chebyshev/elliptic transitional) 
low-pass and high-pass filters, respectively, and a fourth-order equalizer. The input filter is implemented in 
switched-capacitor technology and is preceded by acontinuous time filter to eliminate any possibility of aliasing 
caused by sampled data filtering. When no filtering is desired, the entire composite filter can be switched out 
of the signal path. A selectable, auxiliary, differential analog input is provided for applications where more than 
one analog input is required. 


The A/D and D/A converters each have 14 bits of resolution. The A/D and D/A architectures ensure no missing 
codes and monotonic operation. An internal voltage reference is provided on the TLC32040M to ease the design 
task and to provide complete control over the performance of the integrated circuit. The internal voltage 
reference is brought out to a pin and is available to the designer. Separate analog and digital voltage supplies 
and grounds are provided to minimize noise and ensure a wide dynamic range. Also, the analog circuit path 
contains only differential circuitry to keep noise to an absolute minimum. The only exception is the DAC sample 
and hold, which utilizes pseudo-differential circuitry. 


The output-reconstruction filter is a seventh-order CC-type (Chebyshev/elliptic transitional low-pass filter with 
a fourth-order equalizer) and is implemented in switched-capacitor technology. This filter is followed by a 
continuous-time filter to eliminate images of the digitally encoded signal. 


The TLC32040M is characterized for operation from —55°C to 125°C. 


functional block diagram 


Band-Pass Filter 


IN+ Serial — 
Port FSR 
IN— DR 
AUX EODR 
= MSTR CLK 
AUR Internal 
IN— Receive Section Voltage SHIFT CLK 
Reference pea ee 
WORD/BYTE 
DX 
Low-Pass Filter 
FSX 
OUT + tie rs 
EODX 
OUT- 
Voc+ Vcc-— ANLG DTGL Vpp REF RESET 
GND GND (DIG) 
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TLC32040M 
ANALOG INTERFACE CIRCUIT 


Terminal Functions 


ANLG GND _ 17,18 iad Analog ground return for all internal analog circuits. Not internally connected to DGTL GND. 


AUX IN+ 24 Noninverting auxiliary analog input stage. This input can be switched into the band-pass filter and A/D converter 
path via software control. If the appropriate bit in the control register is a 1, the auxiliary inputs will replace the IN + 
and IN— inputs. If the bit is a 0, the IN+ and IN— inputs will be used (see the AIC DX data word format section). 

AUX IN- 23 | | | Inverting auxiliary. analog input (see the above AUX IN + pin description). 

ar GND Satta Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 

This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission of bits 
from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal. 
=—]r 


This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial 
transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal. 
EODR 3 : 
EODX 11 : 


End of data receive.(See the WORD/BYTE pin description and the Serial Port Timing dlagram.) During the 
word-mode timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have 
been transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor 
upon completion of serial communications. Also, this signal can be used to strobe and enable external 
serial-to-parallel shift registers, latches, or external FIFO RAM, and to facilitate parallel data bus communications 
between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low after 
has been transmitted. The TMS32011 or TMS320C17 can use this low-going signal to differentiate between the 
two bytes as to which is first and which is second. 
End of data transmit. See WORD/BYTE description and Serial Port Timing diagram. During the word-mode timing, 
sae is 
FSX 14 
via DX of the AIC. In all serial transmission modes, which are described in the WORD/BYTE description, FSX is 
held low during bit transmission (see the Serial Port Timing and Internal Timing Configuration diagrams). 
Tek Be Noninverting input to analog input amplifier stage 
‘LRN AS Inverting input to analog input amplifier stage 
MSTR CLK The master clock signal is used to derive all the key logic signals of the AIC, such as the shift clock, the 
switched-capacitor filter clocks, and the A/D and D/A timing signals. The Internal Timing Configuration diagram 
the master clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred 
between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration). 
es Baap output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads 


information have been transmitted from the SMJ320 serial port to the AIC. This signal can be used to interrupt a 
microprocessor upon the completion of serial communications. Also, this signal can be used to strobe and enable 
external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate parallel data-bus 
communications between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal 
goes low after the first byte has been transmitted from the SMJ320 serial port to the AIC and is kept low until the 
second byte has been transmitted. The DSP can use this low-going signal to differentiate between the two bytes 
as to which is first and which is second. 


Frame sync receive. In the serial transmission modes, which are described in the WORD/BYTE description, FSR 
is held low during bit transmission. When FSR goes low, the SMJ320 serial port will begin receiving bits from the 
AIC via the DR pin of the AIC. The most significant DR bit will be present on DR before FSR goes low. (See Serial 
Port Timing and Internal Timing Configuration diagrams.) FSR does not occur after secondary communication. 


Frame sync transmit. When this terminal goes low, the SMJ320 serial port will begin transmitting bits to the AIC 


the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the second byte 
this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control or register 
shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples of 


Ba pre in either a differential or a single-ended configuration. 


hone fet Inverting output of analog output power amplifier. Functionally identical with and complementary to OUT+. 


REF 8 The internal voltage reference is brought out on this terminal. Also an external voltage reference can be applied 
to this terminal. 


d7=1,d6=1,d5=1,d4=0,d3=0,d2=1 
This initialization allows normal serial-port communication to occur between the AIC and the DSP. 


RESET 2 A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This reset function 
initiates serial communications between the AIC and DSP. The reset function will initialize all AIC registers 
including the control register. After a negative-going pulse on RESET, the AIC registers will be initialized to provide 
an 8-kHz data conversion rate for a 5.184-MHz master clock input signal. The conversion rate adjust registers, 
TA’ and RA’, willbe resetto 1. The control register bits will be reset as follows (see AIC DX data word format section). 
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TLC32040M 
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Terminal Functions (Continued) 


SHIFT CLK 10 The shift clock signal is obtained by dividing the master clock signal frequency by four. This signal is used to clock 
the serial data transfers of the AIC, described in the WORD/BYTE description (see the Serial Port Timing and 
Internal Timing Configuration diagrams). 


Vpp 7 hs Digital supply voltage, 5 V +5% 
Voc4 20 | __ | Positive analog supply voltage, 5 V +5% 
Voc-— 19 mek Negative analog supply voltage, —-5 V +5% 


WORD/BYTE 13 This terminal, in conjunction with a bit in the control register, is used to establish one of four serial modes. These 
four modes are described below. 
AIC transmit and receive sections are operated asynchronously. 
The following description applies when the AIC is configured to have asynchronous transmit and receive sections. 
lf the appropriate data bit in the control register is a 0 (see the AIC DX data word format), the transmit and receive 
sections will be asynchronous. 
L Serial port directly interfaces with the serial port of the DSP and communicates in two 8-bit bytes. 
The operation sequence is as follows (see Serial Port Timing diagrams). 
1. FSX or FSR is brought low. 
One 8-bit byte is transmitted or one 8-bit byte is received. 
EODX or EODR is brought low. 
FSX or FSR emits a positive frame-sync pulse that is four shift-clock cycles wide. 
One 8-bit byte is transmitted or one 8-bit byte is received. 
. EODX or EODR is brought high. 
7. FSX or FSR is brought high. 


Serial port directly interfaces with the serial port of the SMJ32020, SMJ320C25, or SMJ320C30 and 
communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): _ 
1. FSX or FSR is brought low. 
2. One 16-bit word is transmitted or one 16-bit word is received. 
3. FSXorFSRis SR is brought high. 
4 EODX or EODR emits a low-going pulse. 
AIC transmit and receive sections are operated synchronously. 
If the appropriate data bit in the control register is a 1, the transmit and receive sections will be configured to be 
synchronous. In this case, the band-pass switched-capacitor filter and the A/D conversion timing will be derived 
from TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter A, RX Counter B, 
and RA, RA’, and RB registers. In this case, the AIC FSX and FSR timing will be identical during primary data 
communication; however, FSR will not be asserted during secondary data communication since there is no new 
A/D conversion result. The synchronous operation sequences are as follows (see Serial Port Timing diagrams ). 
L Serial port directly interfaces with the serial port of the DSP and communicates in two 8-bit bytes. The 
operation sequence is as follows (see Serial Port Timing diagrams). 
1. FSX or FSR are brought low. 
. One 8-bit byte is transmitted and one 8-bit byte is received. 
EODX and EODR are brought low. 
FSX and FSR emit positive frame-sync pulse that are four shift-clock cycles wide. 
One 8-bit byte is transmitted and one 8-bit byte is received. 
EODX or EODR are brought high. 
FSX or FSR are brought high. 
Serial port directly interfaces with the serial port of the SMJ32020, SMJ320C25, or SMJ320C30 and 
communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): _ 
1. FSX and FSR are brought low. 
2. One 16-bit word is transmitted and one 16-bit word is received. 
3. FSX and FSR are brought high. 
4. EODX or EODR emit low-going pulses. 
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional NOR 
and AND gates, will interface to two SN54299 serial-to-parallel shift registers. Interfacing the AIC to the SN54299 
shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel data bus communications 
between the AIC and the digital signal processor. The operation sequence is the same as the above sequence 
(see Serial Port Timing diagrams). 
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INTERNAL TIMING CONFIGURATION 


Shift Clock 
1.296 MHz (1) 
2.592 MHz (2) 


Master Clock Pre Th ra ere so eee 
5.184 MHZ (1) | Divide by 4 
10.368 MHZ (2) is 
20.736 MHz (1) r 


41.472 MHz (2) 
XTAL 
Osc 


TMS320 
DSP 


Optional External Circuitry 
for Full-Duplex Modems 


153.6 kHz 


Clock (1) Commercial 


External 
Front-End 


Divide 
by 135 


Full-Duplex 
Split-Band 
Filters 


Soap aaa keane 


AER? 2S SE 


ee ee ee ee ee ee OD Se aakp ee eas eae ae eae ee 


Re eh ee ee eee eee TC ETI ETG Oe a a De ne ee eon 


TA’ Register 
(6 Bits) 
(2s Compl) 


TA Register 
(5 Bits) 


Adder/ 
Subtractor 
(6 Bits) 


Q O 
do, dq =0,0 
do, d4=1,1¢ Y 


do, dy = 0,1 
do, d4=1,0F 


TX Counter A 
Mapepier a 
(i) ah 


RA’ Register 
(6 Bits) 
(2s Compl) 


RA Register 
(5 Bits) 


Adder/ 
Subtractor 
(6 Bits) 


©) ©) 
do, dq = 0,0 do, dy = 0,1 
do, d4=1,1F do, d4=1,0t 
RX Counter A 
bony = 9 (1)] 
[TAs 1802) | s76-KHz 
(6 Bits) 
Pulses 


Divide by 2 


TB Register 
(6 Bits) 


| 
i 
| 
| 
| 
| 
| 
| 
i 
i 
| 
t 
: 
TX Counter B I 
TB = 40, 7.2 kHz Sin | 
TB = 36, 8.0 kHz 
TB = 30, 9.6 kHz wtih | 
TB = 20, 14.4 kHz ! 
TB = 15, 19.2 kHz | 
| 
| 
| 
: 
Band-Pass i 
Switched | 
Cap Filter 
CLK = 288 kHz i 
Square Wave i 
| 
| 
(6 Bits) | 
i 
i 
: 
RX Counter B | 
RB = 40, 7.2 kHz | 
RB = 36, 8.0 kHz A/D 
RB = 30, 9.6 kHz Conversion | 
RB = 20, 14.4 kHz Frequency | 
| 
i 


Low-Pass 
Switched 

Cap Filter 
CLK = 288 kHz 
Square Wave 


RB = 15, 19.2 kHz 


Se ee ee Ee ee ee eas 


SCF Clock Frequency =_Master Clock Frequency 


2 x Contents of Counter A 


t Split-band filtering can alternatively be performed after the analog input function via software in the SMJ320. 

+ These control bits are described in the AIC DX data word format section. 

NOTE: Frequency 1, 20.736 MHz is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular speech 
and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously and as 
submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal frequency, 
aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter stages. 
Frequency 2, 41.472 MHz is used to show that the AIC can work with high-frequency signals, which are used by high-speed digital signal 


processors. 
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explanation of internal timing configuration 


All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the master clock 
input. The shift clock signal, which strobes the serial port data between the AIC and DSP, is derived by dividing 
the master clock input signal frequency by four. 


Master Clock Frequency 


F Clock ot Gontenia of Counter. A. 
BOF, CIRC IMRNY aT Sane oF Cciee A 


SCF Clock Frequency 


Conversion Frequency Contents of Counter B 


Master Clock Frequency 
4 


Shift Clock Frequency 


TX Counter A and TX Counter B, which are driven by the master clock signal, determine the D/A conversion 
timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the 
switched-capacitor low-pass and band-pass filters to meet their transfer function specifications, the frequency 
of the clock inputs of the switched-capacitor filters must be 288 kHz. If the frequencies of the clock inputs are 
not 288 kHz, the filter transfer function frequencies are scaled by the ratios of the clock frequencies to 288 kHz. 
Thus, to obtain the specified filter responses, the combination of master clock frequency and TX Counter A and 
RX Counter A values must yield 288-kHz switched-capacitor clock signals. These 288-kHz clock signals can 
then be divided by TX Counter B and RX Counter B to establish the D/A and A/D conversion timings. 


TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX Counter 
B are reloaded every A/D conversion period. TX Counter B and RX Counter B are loaded with the values in the 
TB and RB Registers, respectively. Via software control, TX Counter A can be loaded with either TA Register, 
the TA Register less the TA’ Register, or the TA Register plus the TA’ Register. By selecting the TA Register less 
the TA’ Register option, the upcoming conversion timing will occur earlier by an amount of time that equals TA’ 
times the signal period of the master clock. By selecting the TA Register plus the TA’ Register option, the 
upcoming conversion timing will occur later by an amount of time that equals TA’ times the signal period of the 
master clock. Thus the D/A conversion timing can be advanced or retarded. An identical ability to alter the A/D 
conversion timing is provided. In this case, however, the RX Counter A can be programmed via software control 
with the RA Register, the RA Register less the RA’ Register, or the RA Register plus the RA’ Register. 


The ability to advance or retard conversion timing is particularly useful for modem applications. This feature 
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance signal-to- 
noise performance, to perform frequency-tracking functions, and to generate nonstandard modem frequencies. 


If the transmit and receive sections are configured to be synchronous (see the WORD/BYTE description in the 
Terminal Functions table), then both the low-pass and band-pass switched-capacitor filter clocks are derived 
from TX Counter A. Also, both the D/A and A/D conversion timing are derived from TX Counter A and TX Counter 
B. When the transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter 
B, RA Register, RA’ Register, and RB Registers are not used. 
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AIC DR or DX word bit pattern 


A/D or D/A MSB, 
1st bit sent 1st bit sent of 2nd byte A/D or D/ALSB 


abc Uke OSES CU ae Bae Se ee 


AIC DX data word format section 


415] aia |dis|ai2}ati {ato} ds |as a7 |d6 {ds |a4|a2|at{ao] COMMENTS 


Primary DX serial communication protocol 


<— d15 (MSB) through d2 go to the D/A 
converter register RA register values. The TX and RX Counter Bs 
areloaded with TB and RB register values. 


< d15 (MSB) through d2 go to the D/A The TX and Counter As are loaded with the TA + TA’ 


converter register and RA + RA’ register values. The TX and RX Counter 
Bs are loaded with the TB and RB register values. 
NOTE: di =0, dO = 1 will cause the next D/A and A/D 
conversion periods to be changed by the addition of TA’ 
and RA’ master clock cycles, in which TA’ and RA’ can 
be positive or negative or zero. Please refer to Table 1. 
AIC Responses to Improper Conditions. 


< d15 (MSB) through d2 go to the D/A The TX and Counter As are loaded with the TA - TA’ 


converter register and RA - RA register values. The TX and RX Counter 
Bs are loaded with the TB and RB register values. 
NOTE: di =0, dO = 1 will cause the next D/A and A/D 
conversion periods to be changed by the subtraction of 
TA’ and RA’ Master Clock cycles, in which TA’ and RA 
can be positive or negative or zero. Please refer to 
Table 1. AIC Responses to Improper Conditions. 


< d15 (MSB) through d2 go to the D/A The TX and Counter As are loaded with the TA and 


converter register RA register values. The TX and RX Counter Bs are 
loaded with the TB and RB register values. After a 
delay of four shift-clock cycles, a secondary 
transmission will immediately follow to program the 
AIC to operate in the desired configuration. 


NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC will initiate 
Secondary Communications upon completion of the Primary Communications. 
Upon completion of the Primary Communication, FSX will remain high for four shift-clock cycles and will then go low and initiate the 
Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. in this manner, the 
Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents the 
Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from skipping a 
DAC output. It is important to note that in the synchronous mode, FSR will not be asserted during Secondary Communications. 
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secondary DX serial communication protocol 


x x | — to TAregister > | x x | <toRAregister - | 0 0 | d13 and d6 are MSBs (unsigned binary) 

x | < to TA’ register — | x | < toRA register — | 0 1 |d14 and d7 are 2s complement sign bits : 
x | «+ toTBregister — |x | < to RB register — | 1 0 |d14 and d7 are MSBs (unsigned binary) 

xX 


d7 d6 d5 d4 d3 d2 i ete 
d2 = 0/1 deletes/inserts the band-pass filter 


k¢—— Control Register —? | d3 = 0/1 disables/enables the loopback function 
d4 = 0/1 disables/enables the AUX IN+ and AUX IN- terminals 
d5 = 0/1 asynchronous/synchronous transmit and receive sections 
d6 = 0/1 gain control bits (see gain control section) 
d7 = 0/1 gain control bits (see gain control section) 


reset function 


A reset function is provided to initiate serial communications between the AIC and DSP. The reset function will 
initialize all AIC registers, including the control register. After power has been applied to the AIC, a 
negative-going pulse on RESET will initialize the AIC registers to provide an 8-kHz A/D and D/A conversion rate 
for a 5.184-MHz master clock input signal. The AIC, except the control register, will be initialized as follows (see 
AIC DX data word format section): 


INITIALIZED 
REGISTER 
REGISTER VALUE (HEX) 
TA 9 
TA’ 1 
TB 24 
RA 9 
RA’ 
RB 24 


The control register bits will be reset as follows (see AIC DX data word format section): 
O7'= 1:06 =4,, 05 = 1,04 = 0.43: 0, d2 = 1 


This initialization allows normal serial port communications to occur between the AIC and DSP. If the transmit 
and receive sections are configured to operate synchronously and the user wishes to program different 
conversion rates, only the TA, TA’, and TB registers need to be programmed, since both transmit and receive 
timing are synchronously derived from these registers (see the Terminal Functions table and AIC DX data word 
format section). 


The circuit shown below provides a reset on power up when power is applied in the sequence given under 
power-up sequence. The circuit depends on the power supplies’ reaching their recommended values a minimum 
of 800 ns before the capacitor charges to 0.8 V above DGTL GND. 
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ALERT LSS NL ALLEL SLEDS AE DLS SLE ARS NS WIRES TENCE SD LIE NL, <P AA RTE WN Ta SUR NR TAD Se) AS SNS TS DTT SBS SO SD ES 
power-up sequence 


To ensure proper operation of the AIC and as a safeguard against latch-up, it is recommended that a Schottky 
diode with a forward voltage less than or equal to 0.4 V be connected from V¢c_ to ANLG GND (see Figure 16). 
Inthe absence of such a diode, power should be applied in the following sequence: ANLG GND and DGTL GND, 
Voc— then Voc, and Vpp. Also, no input signal should be applied until after power up. 


AIC responses to improper conditions 


The AIC has provisions for responding to improper conditions. These improper conditions and the response of 
the AIC to these conditions are presented in Table 1 below. 


AIC register constraints 
The following constraints are placed on the contents of the AIC registers: 
. TA register must be = 4 in WORD mode (WORD/BYTE = high). 
. TA register must be = 5 in BYTE mode (WORD/BYTE = low). 
. TA’ register can be either positive, negative, or zero. 
. RA register must be = 4 in WORD mode (WORD/BYTE = high). 
. RA register must be = 5 in BYTE mode (WORD/BYTE = low). 


. RA’ register can be either positive, negative, or zero. 


4 


. (TA register + TA’ register) must be > 1. 
. (RA register + RA’ register) must be > 1. 


oO ON Oo F-F W ND 


. TB register must be > 1. 


Table 1. AIC Responses to Improper Conditions 


AIG RESPONSE 
TA register — TA’ register = 0 or 1 
MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A, 
i.e., TA register + TA’ register + 40 HEX is loaded into TX Counter A. 
RA register — RA’ register = 0 or 1 
MODULO 64 arithmetic is used to ensure that a positive value is loaded into the RX Counter 
A, i.e., RA register + RA’ register + 40 HEX is loaded into RX Counter A. 
RA register = 0 or 1 
TA register < 4 in WORD mode The AIC serial port no longer operates. 
TA register < 5 in BYTE mode 


RA register < 4 in WORD mode 
RA register < 5 in BYTE mode 


TB register = 0 or 1 Reprogram TB register with 24 HEX 
RB register = 0 or 1 Reprogram TB register with 24 HEX 
AIC and DSP cannot communicate Hold last DAC output 
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improper operation due to conversion times being too close together 


lf the difference between two successive D/A conversion frame syncs is less than 1/19.2 kHz, the AIC operates 
improperly. In this situation, the second D/A conversion frame sync occurs too quickly, and there is not enough 
time for the ongoing conversion to be completed. This situation can occur if the A and B registers are improperly 
programmed or if the A + A’ register or A — A’ register result is too small. When incrementally adjusting the 
conversion period via the A + A’ register options, the designer should be careful not to violate this requirement 
(see following diagram). 
Frame Sync, h t2 
FSX, or FSR gates mo Hence ap 
| 
lt— Ongoing Conversion —>» 


to — ty = 1/19.2 kHz 


asynchronous operation — more than one receive frame ane occurring between two transmit 
frame syncs 


When incrementally adjusting the conversion period via the A + A’ or A—A register options, a specific protocol 
is followed. The command to use the incremental conversion period adjust option is sent to the AIC during an 
FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive Conversion Period 
A or B may be adjusted. For both transmit and receive conversion periods, the incremental conversion period 
adjustment is performed near the end of the conversion period. Therefore, if there is sufficient time between ty 


. and to, the receive conversion period adjustment will be performed during Receive Conversion Period A. 


FSX 


Otherwise, the adjustment will be performed during Receive Conversion Period B. The adjustment command 
only adjusts one transmit conversion period and one receive conversion period. To adjust another pair of transmit 
and receive conversion periods, another command must be issued during a subsequent FSX frame (see figure 
below). 

ty 


| 
¢——_—_———————— Transmit Conversion Period —————————_ 
t2 


FSR | | | | | | | | | | 
| R | 


eceive Receive 
INGE Conversion —-»<q—— Conversion >> 
Period A Period B 


asynchronous operation — more than one transmit frame sync occurring between two receive 
frame syncs 


When incrementally adjusting the conversion period via the A + A’ or A—A register options, a specific protocol 
is followed. For both transmit and receive conversion periods, the incremental conversion period adjustment is 
performed near the end of the conversion period. The command to use the incremental conversion period adjust 
options is sent to the AIC during an FSX frame sync. The ongoing transmit conversion period is then adjusted. 

However, three possibilities exist for the receive conversion period adjustment in the diagram as shown in the 
figure on the following page. If the adjustment command is issued during Transmit Conversion Period A, Receive 
Conversion Period A will be adjusted if there is sufficient time between t; and to. If there is not sufficient time 
between t, and to, Receive Conversion Period B will be adjusted. The receive portion of an adjustment command 
may be ignored if the adjustment command is sent during a receive conversion period, which is already being 
or will be adjusted due to a prior adjustment command. For example, if adjustment commands are issued during 
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Transmit Conversion Periods A, B, and C, the first two commands may cause Receive Conversion Periods A 
and B to be adjusted, while the third receive adjustment command is ignored. The third adjustment command 
is ignored since it was issued during Receive Conversion Period B, which already will be adjusted via the 
Transmit Conversion Period B adjustment command. 


ty 


Transmit Transmit Transmit | 
sae Bis | Seen ae aah Sal Conversion 
Period A Period B Period C eT 
to 


'¢————— Receive Conversion Period A ———_ >t Receive Conversion Period B oemicnniln 


asynchronous operation — more than one set of primary and secondary DX serial communication 
occurring between two receive frame sync (see AIC DX data word format section) 


The TA, TA’, TB, and control register information that is transmitted in the secondary communications is always 
accepted and is applied during the ongoing transmit conversion period. If there is sufficient time between t, and 
to, the TA, RA’, and RB register information, which is sent during Transmit Conversion Period A, will be applied 
to Receive Conversion Period A. Otherwise, this information will be applied during Receive Conversion Period 
B. If RA, RA’, and RB register information has already been received and is being applied during an ongoing 
conversion period, any subsequent RA, RA’, or RB information that is received during this receive conversion 
period will be disregarded (see diagram below). 


ty 
Primary Secondary Primary Secondary Primary Secondary 
FSX 
: ! . | 
Transmit Transmit Transmit 
SRDS Speier Conversion FF Ee I A 2S Conversion SEAR eh RRR Conversion SisSee 
Period A Period B Period C 
to 
FSR 


Receive Conversion | | 


+—— Period A ———>e————__ Receive Conversion Period B ——-————_> 
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SEER IRE IS dS LTE ASR AY FEHR LT FS A PT TNS OT EB TE OT ROT TA ES I RS OS TS EL PR SCY E LT SS A RR EE LW POD EN OE CN 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUPE VOnEUS THING, Vere emer TVOlS b) ash cake cs mene vidas duns Rata vaye eegivee Mian eears —-0.3Vto15V 
RU ratte SURPEE OS e ta A os 's kas 4 Ong ae GOS aT RLS RUA hwo Dep TES be Oa ee -—0.3Vto15V 
ree tle MEG SR WES a hE eG 6 ss VR Ce. RAE ESE Ee REED EWS CO Peg ERNE ES 38 REE ORG —-0.3Vto 15 V 
PRES GMC RNID Ech s Whe yee GN CPM in aS G x ook eT core aes, Fk EWS wis heh wak, PE Rd eae se —0.3Vto 15 V 
SeeNs Or IUASAGY As CE fn gerd hg ES cas vA ahr Sak x THU vind Code dg 6d ae AE in eons —0.3 Vto 15 V 
SJOGr alin 1-0 TOTO TONGS 550 5a Ds Cc os each d bv volv's 0 ae on, slog Be Gee segdeetice —55°C to 125°C 
ee REEL EID 5 pein ce CAS Fc + 0s KOIRNT Bes cele bag 00 os bo RaW eee eee —65°C to 150°C 
Cae tenaerature tor Ow Mecuitn fF Ts OAOKOOO 6S Sie i oo savin 6 bigs be 8.0m vies cd llg WR Re od eee | 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package .......... cece eee ee 300°C 


NOTE 1: Voltage values for maximum ratings are with respect to VCC. 


recommended operating conditions 


ee TE A eT 
[Supplyvotage,Voc-seeNote2) CC‘ ABST VC 
Digital supply voltage, Vpp (see Note 2) 


Digital ground voltage with respect to ANLG GND, DGTL GND 


< 


Operating free-air temperature, Ta 


NOTES: 2. Voltages at analog inputs and outputs, REF, Voc +, and Vcc_., are with respect to the ANLG GND terminal. Voltages at digital inputs 
and outputs and Vpp are with respect to the DGTL GND terminal. 

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic 
voltage levels and temperature only. 

4. This applies when R,_ = 300 Q and offset voltage = 0. 

5. The band-pass and low-pass switched-capacitor filter response specifications apply only when the switched-capacitor clock frequency 
is 288 kHz. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of — 
switched-capacitor filter clock frequency to 288 kHz. 

6. This range applies when (IN + — IN—) or (AUX IN+ — AUX IN-) equals +6 V. 
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electrical characteristics over recommended operating free-air temperature range, Vcc, = 5 V, 
Vcc- =-—5 V, Vpp = 5 V (unless otherwise noted) 


total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded 


PARAMETER TEST CONDITIONS MIN TYPT MAX] UNIT 
High-level output voltage Vpop = 4.75 V, IOH =—300 pA Se ea ee 
Low-level output voltage Vpp = 4.75 V, lol =2mA Pi ae 


geo a Slo ee a 

ice. | SueopemennonVess | ee we | 

[Vref _Internalreferenceoutputvolage | CSC*~“‘“!™C”~SO™~*~*«S 
Temperature coefficient of internal 

Fe aes RS Sa 8 SE ee ee Eee 


receive amplifier input 


PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT 
AID converter ofset error (ors bypassed) —[ SSCS~C~CSCS~iSSC‘“‘*‘ SCY 
a ee 


A/D converter offset error (filters in) 


Common-mode rejection ratio at IN+, IN-, 
CMRR or AUX IN+, AUX IN— See Note 7 35 55 ca 
Input resistance at IN+, IN— 16s 
" or AUX IN+, AUX IN -, REF 


NOTE 7: The test condition is a 0-dBm, 1-kHz input signal with an 8-kHz conversion rate. 


transmit filter output 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Output offset voltage at OUT+ or OUT— 
(single ended relative to ANLG GND) 
Maximum peak output voltage swing between 
VOM — QUT+ and OUT- (differential output) lh ds 
system distortion specifications, SCF clock frequency = 288 kHz 


Attenuation of second harmonic of V; =—0.5 dB to —24 dB referred to Vref, Or eae, ees 
A/D input signal [Differential | Differential | Single-ended tested at 25°C, See Note 8 eee oes 
Attenuation of third and higher V| =—0.5 dB to —24 dB referred to Vref, 
harmonics of A/D input signal [Differential | | Differential | Single-ended tested at 25°C, See Note 8 acum 
Attenuation of second harmonic of V| = —0 dB to —24 dB referred to Vret, 

D/A input signal See Note 8 

Attenuation of third and higher V; = —0 dB to —24 dB referred to Vref, 

harmonics of D/A input signal See Note 8 


Tt All typical values are at Ta = 25°C. 
NOTE 8: The test condition is a 1-kHz input signal with an 8-kHz conversion rate (0 dB relative to Vref). The load impedance for the DAC is 
300 2. 
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electrical characteristics over recommended operating free-air temperature range, Vcc, = 5 V, 
Vec—=-—5 V, Vpp = 5 V (unless otherwise noted) (continued) 


A/D channel signal-to-distortion ratio 


TEST CONDITIONS Ay=at 
PARAMETER (see Note 8) MIN MAX] MIN _MAX| MIN MAX | UNIT 


ViesedBte-05d | se | ose?_—s[ ose? 
Visaizdbio-6ds +f se —=«d;:=CiCd 
Vis=teaBto—12a5 ‘| se «dss CC 
Vi==24aBto—1eaB =| so ~C~dtC=Ci CCS 
[vi==80dBt0-200B | «a [60 | 68 
We-sedSte-8008, | see 
Wis=42eBto-a6d | 32 +| 3 | | 
Mi=-48dBto-azaB | 26+ s2~SC«d]sSi 
Ma-asw-<ds | a. ee 


T Avy is the programmable gain of the input amplifier. 
+ A value > 58 is overrance and signal clipping occurs over range. 


A/D channel signal-to-distortion ratio 


D/A channel signal-to-distortion ratio 


PARAMETER 


Sar el 
ee eee a 
a Wiesiaap 0a a | 
ee ee 
REN Se GC ee ee 
Pp ae ao ee | 
ee re ee ee ae ge 
TE on tere se Mee 


NOTE 8: The test condition is a 1-kHz input signal with an 8-kHz conversion rate (0 dB relative to Vref). The load impedance for the DAC is 
300 Q. 


D/A channel signal-to-distortion ratio 


gain and dynamic range 


PARAMETER TEST CONDITIONS MIN TYPS MAX] UNIT 


Absolute transmit gain tracking error while transmitting into 300 Q 40°05 fp 0-08 Bigiier ange, +0.05 +0.15 
See Note 9 
Absolute receive gain tracking error Be Pie an ce +0.05 +0.15 
See Note 9 
; Signal input is a—0.5 dB, 
Absolute gain of the D/A channel SIGART PUES 4-OP, 
1-kHz sinewave 


§ All typical values are at Tp = 25°C. 
NOTE 9. Gain tracking is relative to the absolute gain at 1 kHz and 0 dB (0 db relative to Vref). 
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electrical characteristics over recommended operating free-air temperature range, Vcc, = 5 V, 
Vec-—=-—5 V, Vpp = 5 V (unless otherwise noted) (continued) 


power supply rejection and crosstalk attenuation 


Voc+ or Voc-— supply voltage Idle channel, Supply signal at 200 mV p-p 
scinnia nctedera [1TH HEROREpemmtaionpooma |e —| © 

Voc. or Voc _ supply voltage rejection Idle channel, Supply signal at 200 mV p-p 
crcetakatensaton arta | wenemboveeie_[ox=enooonoonna ye ad 
Receive-to-transmit | Inputs grounded 


delay distortion, SCF clock frequency = 288 kHz + 2%, input (IN+ — IN —) is + 3-V sinewave 


Please refer to filter response graphs for delay distortion specifications. 


band-pass filter transfer function (see curves), SCF clock frequency = 288 kHz +2%, input (IN+ — IN-) is 
a +3-V sinewave (see Note 9) . 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT 


f = 100 Hz 


awe eo ee 
[sooHzetesane | a0. 
(Fel Rom CEs 
CLUY REESE ST SESE) 


low-pass filter transfer function, SCF clock frequency = 288 kHz +2% (see Note 10) 


[PARAMETER ——~«([—~=~*~“~*~*~*~S*S*C*SEST CONDITIONS ——SSCSCSCSC*~rCIN AX] UNIT 
fesaWe viens wales SA 20 
fede ef ee 


Filter gain (see Note 10) Input signal reference is 0 dB 


Filter gain (see Note 11) Output signal reference is 0 dB 


serial port 


PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT 
VOH _ High-level output voltage lOH = —300 yA 
VoL _ Low-level output voltage lol =2mA fp athens a 
I input current Seatwnees wea accvecnmeeneaiienr ete ae Nea 
Beet capeainnes a a ee | ee 
Co Output capacitance a ae seer ees 

T All typical values are at Ta = 25°C. 

NOTES: 9. Gain tracking is relative to the absolute gain at 1 kHz and 0 dB (-0 db relative to Vref). 

10. The above filter specifications are for a switched-capacitor filter clock range of 288 kHz +2%. For switched-capacitor filter clocks 
at frequencies other than 288 kHz +2%, the filter response is shifted by the ratio of switched-capacitor filter clock frequency to 
288 kHz. 

11. The filter gain outside of the pass band is measured with respect to the gain at 1 kHz. The filter gain within the pass band is measured 
with respect to the average gain within the pass band. The pass bands are 300 to 3400 Hz and 0 to 3400 Hz for the band pass and 
low-pass filters respectively. 
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operating characteristics over recommended operating free-air temperature range, Voc, = 5 V, 
Vec-=-5V, Vpp = 5 V 


noise (measurement includes low-pass and band-pass switched-capacitor filters) 


PARAMETER TEST CONDITIONS TyPt MAX] UNIT 
Single ended ee 
DX input = 00000000000000, constant input code 300 500 
[20 | dBinco 


Receive noise (see Note 12) Inputs grounded, gain = 1 300.475 
| 20 | dBrnco | 


NOTE 12. This noise is referred to the input with a buffer gain of one. If the buffer gain is two or four, the noise figure will be correspondingly reduced. 
The noise is computed by statistically evaluating the digital output of the A/D converter. 


Transmit noise , : 
Differential 


timing requirements 


serial port recommended input signals 
PARAMETER 
tc(MCLK) Master clock cycle time 
tr(MCL Master clock rise time 
tt(MCL Master clock fall time 


Master clock duty cycle 
RESET pulse duration (see Note 13) 


tsu(Dx) __DX setup time before SCLK| oe See ee 
th(Dx) _ DX hold time before SCLK| eel ae tt ne | 


NOTE 13. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached their 


recommended values. 


serial port — AIC output signals 


ec eager ne | 
i omomnaie 
iia WWiekeio~ee ee oe 
Ee eeoiaouealvone 5 
RaoH-ET| Delay hom SCiKPeFORFOM. | 
Ma(CH-FH) Delay from SCLKTtoFSAPSXt SSSOSOSCSCSSSCTCS| 0s 
Miici-bhy DAvedeterookt 
[aw(CH-£L) Delay from SCLKt to EODXEODAIinWORD mode ——SSC~C~SC~C~SsSSSCSCSCS*~C~*~«SBO 
Rung. Rooktaldne: ne 
Pepee, OOM ec ia, sali en 

meen Tae 

Fons eB ees | 


15 
tdb(CH-EL) Delay from SCLKf to EODX/EODR] in BYTE mode 100 
tdb(CH-EH) Delay from SCLKf to EODX/EODR? in BYTE mode 100 
td(MH-SL Delay from MSTR CLK f¢ to SCLK| 65 105 
td(MH-SH) __ Delay from MSTR CLK ¢ to SCLK} PORES. RE 


T All typical values are at Ta = 25°C. 
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Table 2. Gain Control Table 
(Analog Input Signal Required for Full-Scale A/D Conversion) 


Se <age waes BITS A/D CONVERSION 
INPUT CONFIGURATIONS ANALOG INPUTT 
RESULT 
Differential configuration 
Analog input = IN+ — IN— sie Full scale 


= AUX IN¢ ~ AUX IN- Se Sa Ful seal 


a oe ae ee 
Raed thie cereal ei Meee 


t inthis example, Vref is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input not exceed 
0.1 dB below full scale. 


Single-ended configuration 
Analog input = IN+ - ANLG GND 
= AUX IN+ —- ANLG GND 


Rfb Rfb 
R R 
IN + AUX IN + 
R To MUX R To MUX 
IN — AUX IN — 
Rfb Rfb 
Rfb = R for d6 = 1, d7 = 1 Rfb = R for d6 = 1, d7 = 1 
d6 = 0, d7 = 0 d6 =0,d7=0 
Rb = 2R for d6 = 1,d7 =0 Rfb = 2R for d6 = 1,d7=0 
Rfb = 4R for d6 = 0, d7 = 1 Rfb = 4R for d6 = 0, d7 = 1 
Figure 1. IN+ and IN— Gain Figure 2. AUX IN+ and AUX IN—- 
Control Circuitry Gain Control Circuitry 


(sin x)/x correction section 


The AIC does not have (sin x)/x correction circuitry after the digital-to-analog converter. (Sin x)/x correction can 
be accomplished easily and efficiently in digital signal processor (DSP) software. Excellent correction accuracy 
can be achieved to a band edge of 3000 Hz by using a first-order digital correction filter. The results, which are 
shown on the next page, are typical of the numerical correction accuracy that can be achieved for sample rates 
of interest. The filter requires only seven instruction cycles per sample on the SMJ320 DSPs. With a 200-ns 
instruction cycle, nine instructions per sample represents an overhead factor of 1.4% and 1.7% for sampling 
rates of 8000 Hz and 9600 Hz, respectively. This correction will add a slight amount of group delay at the une 
edge of the 300 — 3000-Hz band. 


(sin x)/x roll-off for a zero-order hold function 


The (sin x)/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for the various 
sampling rates is shown in the following table. 
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Table 3. (sin x)/x Roll-Off 


sin x f/f 
It f/fs 


(f = 3000 Hz) 
(dB) 


Note that the actual AIC (sin x)/x roll-off will be slightly less than the above figures because the AIC has less 
than a 100% duty cycle hold interval. , 


correction filter 


To compensate for the (sin x)/x roll-off of the AIC, a first-order correction filter shown below, is recommended. 


U(i + 1) Y(i + 1) 


(1- p1)P2 


pt 


The difference equation for this correction filter is: 


Y; + 1 = p2(1 — pl) (uj + 1) + pl Y; 


where the constant p1 determines the pole locations. 


The resulting squared magnitude transfer function is: 


ie yp PE, 
~ 1-—2p1 cos(2 x f/f,) + p12 
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correction results 


Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and 9600-Hz 
sampling rates. 


Table 4. Optimum P Values 


ERROR (dB) ERROR (dB) 
fs = 8000 Hz fs = 9600 Hz 
p1 = —0.14813 p1 =—0.1307 
p2 = 0.9888 p2 = 0.9951 


SMJ320 software requirements 
The digital correction filter equation can be written in state variable form as follows: 
Y= k1Y + k2U 


where k1 equals p1 (from the preceding page), k2 equals (1 — p1)p2 (from the preceding page), Y is the filter 
state, and Uis the next I/O sample. The coefficients k1 and k2 must be represented as 16-bit integers. The SACH 
instruction (with the proper shift) will yield the correct result. With the assumption that the SMJ320 processor 
page pointer and memory configuration are properly initialized, the equation can be executed in seven 
instructions or seven cycles with the following program: 


ZAC 

LT K2 

MPY U 

LTA Kl 

MPY Y 

APAC 

SACH (dma), (shift) 


ag 
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PARAMETER MEASUREMENT INFORMATION 


i HisCLK) ey tr(SCLK) ‘8 Re(SCLK) 


2V 2V 2v! 
SHIFT CLK | 
| 0.8V L + cay | | | 
ta(CH-FL) > e 7 7 acta td(CH-FH) > i td(CH-FL) 'd(CH-FH) + l- 
FSR,FSX \ oay_| | pce ae) : Li | Fav 
A. | | | 
| > td(CH-DR) ! : 
DR ois, MOA De OL 05/02 \ D1__ 0, 
0.8V 7 | 
tsu(DX) Z — | 
| | 
4 thon He tapoH-eL tdlo(CH-EH) >i 


CS —————— 
EODR, EODX 0.8V gi 


(a) BYTE-MODE TIMING 


aaa te(SCLK) 
a ov 2V 2vV 
SHIFT CLK iar tat VO Jah eee toed Pol \.. 
: O8Vv| | 08V 08V | | 
8 le taycre | | td(CH-FH) set a | 
Pas ee | 
FSX, FSR 5G | ties ! 
i> +*d(CH-DR) 7 : 
; | 
DR i ee 
| 
tsu(Dx) > le 7 : 
Don! Care 
(ors ore Kors X ore 8 1) oD 
t 
> i thon tdw(CH-EL) —> ar i taw(CH-EH) 
Ae merece enema nn tant rmmin etne Seta ime 
EODX, EODR e 
0.8 V 


(b) WORD-MODE TIMING 
| Fat 
ta(wl-sH) —j¢—> | td(MH-SL) 


SHIFT CLK 7 K 


(c) SHIFT-CLOCK TIMING 


Figure 3. Serial Port Timing 
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PARAMETER MEASUREMENT INFORMATION 


SMJ320C10 


SHIFT CLK 


MSTR CLK 
EODX 


DO-D15 Valid 


(a) IN INSTRUCTION TIMING 


CLK OUT | Sa Bat Ee nee 
die | 
WE | 
SN74LS138 Y1 | | | 
SN74LS299 CLK | 


DO-—-D15 Valid 


(b) OUT INSTRUCTION TIMING 
Figure 5. SMJ320C10/SMJ320C15/SMJ320E15-TLC32040M Interface Timing 
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TYPICAL CHARACTERISTICS 


AIC TRANSMIT CHANNEL FILTERT 
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See Note B 
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Normalized Frequency —kHzx _ SCF Clock Frequency 
288 kHz 
tTest conditions are Vcoc4, Vcc-, and Vpp within recommended operating conditions, SCF clock f = 288 kHz +2%, 
_ input = +3-V sinewave, and Ta = 25°C. 
NOTES: A. Maximum relative delay (0 Hz to 600 Hz) = 125 us 
B. Maximum relative delay (600 Hz to 3000 Hz) = +50 us 
C. Absolute delay (600 Hz to 3000 Hz) = 700 us 
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Figure 6 
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TYPICAL CHARACTERISTICS 


TLC32040 RECEIVE CHANNEL FILTERt 
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Normalized Frequency -kHzx _ SCF Clock Frequency 
288 kHz 


tTest conditions are Vcoc4, Vcoc-—, and Vpp within recommended operating conditions, SCF clock f = 288 kHz +2%, 
input = +3-V sinewave, and Ta = 25°C. 
NOTES: A. Maximum relative delay (200 Hz to 600 Hz) = 3350 us 
B. Maximum relative delay (600 Hz to 3000 Hz) = +50 us 
C. Absolute delay (600 Hz to 3000 Hz) = 1230 us 


Figure 7 
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TYPICAL CHARACTERISTICST 


A/D SIGNAL-TO-DISTORTION RATIO A/D GAIN TRACKING 
vs (GAIN RELATIVE TO GAIN 
INPUT SIGNAL AT 0-dB INPUT SIGNAL) 


1-kHz Input Signal With an 
8-kHz Conversion Rate 


1-kHz Input Signal 
8-kHz Conversion Rate 


3 ce DAN Gk RO 2 Ol 
fe) 
a ae Ande 
a A 
S 2 
- x 
5 E 
2 = 
Q c 
° S 
= O 
© 
Cc 
AS 
” 
Input Signal Relative to Vre¢ — dB Input Signal Relative to Vre¢ — dB 
Figure 8 Figure 9 
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vs (GAIN RELATIVE TO GAIN 
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t Test conditions are Voc +, VCC—, and Vpp within recommended operating conditions SCF clock f = 288 kHz +2%, and Ta = 25°C. 
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Attenuation of Second Harmonic — dB 


TYPICAL CHARACTERISTICSt 


ATTENUATION OF SECOND HARMONIC OF A/D INPUT 
vs 
INPUT SIGNAL 


1-kHz Input Signal 
8-kHz Conversion Rate 
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Figure 12 
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Figure 13 
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Figure 14 Figure 15 
t Test conditions are Voc 4, VCC-_, and Vpp within recommended operating conditions SCF clock f = 288 KHz +2%, and Ta = 25°C. 
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APPLICATION INFORMATION 
C = 0.2 uF, Ceramic 


CLKOUT MSTR CLK VCC+ 5V 
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DGTL GND 


t Thomson Semiconductors 


Figure 16. AIC Interface to SMJ32020/C25 Showing Decoupling Capacitors and Schottky Diodet 


PRINCIPLES OF OPERATION 


analog input 


Two sets of analog inputs are provided. Normally, the IN + and IN— input set is used; however, the auxiliary input 
set, AUX IN+ and AUX IN-, can be used if a second input is required. Each input set can be operated in either 
differential or single-ended modes, since sufficient common-mode range and rejection are provided. The gain 
for the IN+, IN—, AUX IN+, and AUX IN— inputs can be programmed to be either 1, 2, or 4 (see Table 2). Either 
input circuit can be selected via software control. It is important to note that a wide dynamic range is assured 
by the differential internal analog architecture and by the separate analog and digital voltage supplies and 
grounds. 


A/D band-pass filter, A/D band-pass filter clocking, and A/D conversion timing 


The A/D band-pass filter can be selected or bypassed via software control. The frequency response of this filter 
is presented in the following pages. This response results when the switched-capacitor filter clock frequency 
is 288 kHz. Several possible options can be used to attain a 288-kHz switched-capacitor filter clock. When the 
filter clock frequency is not 288 kHz, the filter transfer function is frequency scaled by the ratio of the actual clock 
frequency to 288 kHz. The low-frequency roll-off of the high-pass section is 300 Hz. 


The internal timing configuration and AIC DX data word format sections of this data sheet indicate the many 
options for attaining a 288-kHz band-pass switched-capacitor filter clock. These sections indicate that RX 
Counter A can be programmed to give a 288-kHz band-pass switched-capacitor filter clock for several master 
clock input frequencies. 


The A/D conversion rate is then attained by frequency dividing the 288-kHz band-pass switched-capacitor filter 
clock with RX Counter B. Thus unwanted aliasing is prevented because the A/D conversion rate is an integral 
submultiple of the band-pass switched-capacitor filter sampling rate, and the two rates are synchronously 
locked. 
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PRINCIPLES OF OPERATION 


A/D converter performance specifications 


Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter 
operating characteristics section of this data sheet. The design of the A/D converter circuitry with switched- 
capacitor techniques provides an inherent sample and hold. 


analog output 


The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier outputs 
are brought out of the integrated circuit. This amplifier can drive transformer hybrids or low-impedance loads 
directly in either a differential or single-ended configuration. 


D/A low-pass filter, D/A low-pass filter clocking, and D/A conversion timing 


The frequency response of this filter is presented in the following pages. This response results when the low-pass 
switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function of this filter is 
frequency scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided on the output of 
the D/A low-pass filter to greatly attenuate any switched-capacitor clock feedthrough. 


The D/A conversion rate is then attained by frequency dividing the 288-kHz switched-capacitor filter clock with 
TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral submultiple 
of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously locked. 


asynchronous versus synchronous operation 


If the transmit section of the AIC (low-pass filter and DAC) and receive section (band-pass filter and ADC) are 
operated asynchronously, the low-pass and band-pass filter clocks are independently generated from the 
master clock signal. Also, the D/A and A/D conversion rates are independently determined. If the transmit and 
receive sections are operated synchronously, the low-pass filter clock drives both low-pass and band-pass 
filters. In synchronous operation, the A/D conversion timing is derived from, and is equal to, the D/A conversion 
timing. (See description of WORD/BYTE in the Terminal Functions table.) 


D/A converter performance specifications 


Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter 
operating characteristics section of the data sheet. The D/A converter has a sample and hold that is realized 
with a switched-capacitor ladder. 


system frequency response correction 


(Sin x)/x correction circuitry is performed in digital signal processor software. The system frequency response 
can be corrected via DSP software to 0.1-dB accuracy to a band-edge of 3000 Hz for all sampling rates. This 
correction is accomplished with a first-order digital correction filter, which requires only seven SMJ320 
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of only 1.1% 
and 1.3% for sampling rates of 8 and 9.6 kHz, respectively [see the (sin x)/x correction section for more details]. 
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PRINCIPLES OF OPERATION 


serial port 


The serial port has four possible modes that are described in detail in the terminal functions table. These modes 
are briefly described below and in the description for terminal 13, WORD/BYTE. . 


1. The transmit and receive sections are operated asynchronously, and the serial port interfaces directly 
with the DSP in two 8-bit bytes. 


2. Thetransmit and receive sections are operated asynchronously, and the serial port interfaces directly 
with the SMJ32020, SMJ320C25, and the SMJ320C30. 


3. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the DSP in two 8-bit bytes. 


4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the SMJ32020, SMJ320C25, SMJ302C30, or two SN54299 serial-to-parallel shift registers, which 
can then interface in parallel to the SMJ320C10, SMJ320C15, SMJ320E15 to any other digital signal 
processor, or to external FIFO circuitry. 


operation with internal voltage reference 


The internal reference eliminates the need for an external voltage reference and provides overall circuit cost 
reduction. Thus the internal reference eases the design task and provides complete control over the 
performance of the integrated circuit. The internal reference is brought out to a pin and is available to the 
designer. To keep the amount of noise on the reference signal to a minimum, an external capacitor can be 
connected between REF and ANLG GND. 
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D3495, MAY 1990 


° Advanced LinCMOS™ Silicon-Gate Process 
Technology 


° 14-Bit Dynamic Range ADC and DAC 


° 16-Bit Dynamic Range Input With 
Programmable Gain 


°* Variable ADC and DAC Sampling Rate up to 
19200 Samples Per Second 


° Switched-Capacitor Antialiasing Input Filter 
and Output-Reconstruction Filter 


°® Serial Port for Direct Interface to 
SMJ320E14, SMJ32020, SMJ320C25, and 
SMJ320C30 Digital Processors 


® Synchronous or Asynchronous ADC and 
DAC Conversion Rates With Programmable 
Incremental ADC and DAC Conversion 
Timing Adjustments 


° Serial Port Interface to SN54299 Serial-to- 
Parallel Shift Register for Parallel Interface 
to SMJ320C10, SMJ320C15, SMJ320E15 or 
Other Digital Processors 


° Internal Reference for Normal Operation 
and External Purposes, or Can Be 
Overridden by External Reference 


description 


The TLC32044M is a complete analog-to-digital 
and digital-to-analog input/output system on a 
single monolithic CMOS chip. This voice-band 
analog interface circuit integrates a band-pass 
switched-capacitor antialiasing input filter, a 
14-bit-resolution A/D converter, four 
microprocessor-compatible serial port modes, a 
14-bit-resolution D/A converter, and a low-pass 
switched-capacitor output-reconstruction filter. 
The device offers numerous combinations of 
master clock input frequencies and conversion/ 
sampling rates, which can be changed via digital 
processor control. 


J PACKAGE 


(TOP VIEW) 
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NU — Nonusable; no external connection should be made to 
these pins. See Table 2. 


Typical applications for this integrated circuit include speech encryption for digital transmission, speech 
recognition/storage systems, speech synthesis, modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kKHz sampling rate), 
analog interface for digital signal processors (DSPs), industrial process control, biomedical instrumentation, 
acoustical signal processing, spectral analysis, data acquisition, and instrumentation recorders. Four serial 
modes, which allow direct interface to the SMJ320E14, SMJ32020, SMJ320C25, and SMJ320C30 digital signal 
processors, are provided. Also, when the transmit and receive sections of the analog interface circuit (AIC) are 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of publication date. Products 
conform to specifications per the terms of Texas Instruments standard 
warranty. Production processing does not necessarily include testing of all 
parameters. 


TEXAS 
INSTRUMENTS 


ais Copyright © 1990, Texas Instruments Incorporated 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 4-223 


TLC32044M 
~ VOICE-BAND ANALOG INTERFACE CIRCUIT 


description (continued) 


operating synchronously, it will interface to two SN54299 serial-to-parallel shift registers. These serial-to-parallel 
shift registers can then interface in parallel to the SMJ320C10, SMJ320C015, SMJ320E15, other digital signal 
processors, or external FIFO circuitry. Output data pulses are emitted to inform the processor that data 
transmission is complete or to allow the DSP to differentiate between two transmitted bytes. A flexible control 
scheme is provided so that the functions of the integrated circuit can be selected and adjusted coincidentally 
with signal processing via software control. 


The antialiasing input filter comprises eighth-order and fourth-order CC-type (Chebyshev/elliptic transitional) 
low-pass and high-pass filters, respectively. The input filter is implemented in switched-capacitor technology and 
is preceded by a continuous time filter to eliminate any possibility of aliasing caused by sampled data filtering. 
When only low-pass filtering is desired, the high-pass filter can be switched out of the signal path. A selectable, 
auxiliary, differential analog input is provided for applications where more than one analog input is required. 


The A/D and D/A architectures ensure no missing codes and monotonic operation. An internal voltage reference 
is provided to ease the design task and to provide complete control over the performance of the integrated circuit. 
The internal voltage reference is brought out to a pin and is available to the designer. Separate analog and digital 
voltage supplies and grounds are provided to minimize noise and ensure a wide dynamic range. Also, the analog 
circuit path contains only differential circuitry to keep noise to an absolute minimum. The only exception is the 
DAC sample and hold, which utilizes pseudo-differential circuitry. 


The output-reconstruction filter is an eighth-order CC-type (Chebyshev/elliptic transitional low-pass filter) 
followed by a second-order (sin x)/x correction filter) and is implemented in switched-capacitor technology. This 
filter is followed by a continuous-time filter to eliminate images of the digitally encoded signal. The on-board 
(sinx)/x correction filter can be switched out of the signal path using digital signal processor control, if desired. 


The TLC32044M is characterized for operation from —55°C to 125°C. 


functional block diagram 
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Terminal Functions 


ANLGGND 17,18 | —_| Analog ground return for alll internal analog circuits. Not internally connected to DGTL GND. 


AUX IN+ 24 Noninverting auxiliary analog input stage. This input can be switched into the band-pass filter and A/D converter 
path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace the 
IN+ and IN— inputs. If the bit is a 0, the IN+ and IN— inputs will be used (see the AIC DX data word format section). 

AUX IN- 23 | 1 | Inverting auxiliary analog input (see the above AUX IN+ pin description). 

DGTL GND 9 ash Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 


This pin is used to transmit the ADC output bits from the SMJ320 serial port. This transmission of bits from the 
<a ae 


AIC to the SMJ320 serial port is synchronized with the SHIFT CLK signal. 


This pin is used to receive the DAC input bits and timing and control information from the SMJ320. This serial 
transmission from the SMJ320 serial port to the AIC is synchronized with the SHIFT CLK signal. 


End of data receive. (See the WORD/BYTE pin description and serial port timing diagram.) During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have been 
transmitted from the AIC to the SMJ320 serial port. This signal can be used to interrupt a microprocessor upon 
the completion of serial communications. Also, this signal can be used to strobe and enable external 
serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate parallel data-bus 
communications between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this 
signal goes low after the first byte has been transmitted from the AIC to the SMJ320 serial port and is kept low 
until the second byte has been transmitted. The DSP can use this low-going signal to differentiate between the 
two bytes as to which is first and which is second. EODR does not occur after secondary communication. 


EODX 11 End of data transmit. See the WORD/BYTE pin description and serial port timing diagram. During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control or 
register information have been transmitted from the SMJ320 serial port to the AIC. This signal can be used to 
interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used to strobe 


and enable external serial-to-parallel shift registers, latches, or an external.FIFO RAM, and to facilitate parallel 
data-bus communications between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, 
this signal goes low after the first byte has been transmitted from the SMJ320 serial port to the AIC and is kept 
low until the second byte has been transmitted. The DSP can use this low-going signal to differentiate between 
the two bytes as to which is first and which is second. 


Frame sync receive. In the serial transmission modes, which are described in the WORD/BYTE pin description, 
FSR is held low during bit transmission. When FSR goes low, the SMJ320 serial port will begin receiving bits from 
the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSR goes low. 
(See Serial Port Timing and Internal Timing Configuration diagrams.) FSR does not occur after secondary 
communication. 


$ | by 

FSX 14 Frame sync transmit. When this pin goes low, the SMJ320 serial port will begin transmitting bits to the AIC via 
the DX pin of the AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description, 
FSX is held low during bit transmission (see the Serial Port Timing and Internal Timing Configuration diagrams). 


| 1 | Noninverting input to analog input amplifier stage 


| || Inverting input to analog input amplifier stage 


MSTR CLK 6 ¥ The master clock signal is used to derive all the key logic signals of the AIC, such as the shift. clock, the 


Zz 
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shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples 
of the master clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred 
between the switched-capacitor filters and the A/D and D/A converters (see the internal timing configuration). 


Noninverting output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads 
directly in either a differential or a single-ended configuration. 


21 ee Inverting output of analog output power amplifier. Functionally identical with and complementary to OUT+. ° 


/O | The internal voltage reference is brought out on this pin. Also an external voltage reference can be applied to this 
pin. 


2 : A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This reset function 


switched-capacitor filter clocks, and the A/D and D/A timing signals. The internal timing configuration diagram 
OUT + 
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initiates serial communications between the AIC and DSP. The reset function will initialize all AIC registers 
including the control register. After anegative-going pulse on RESET, the AIC registers will be initialized to provide 
an 8-kHz data conversion rate for a 5.184-MHz master clock input signal. The conversion rate adjust registers, 
TA’ and RA’, will be reset to 1. The control register bits will be reset as follows (see the AIC DX data word format 
section). 

d7=1,d6=1,d5=1,d4=0,d3=0, d2=1 

This initialization allows normal serial-port communication to occur between AIC and DSP. 
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Terminal Functions (Continued) 


SHIFT CLK 10 The shift clock signal is obtained by dividing the master clock signal frequency by four. This signal is used to clock 
the serial data transfers of the AIC, described in the WORD/BYTE pin description below (see the Serial Port 
Timing and Internal Timing Configuration diagrams). 

Vpp v4 Lee Digital supply voltage, 5 V +5% 7 

VCC+ 20 Bac: Positive analog supply voltage, 5 V +5% 

Voc- 19 |_| Negative analog supply voltage, —5 V +5% 


WORD/BYTE 13 This pin, in conjunction with a bit in the control register, is used to establish one of four serial modes. These four 
modes are described below. 
AIC transmit and receive sections are operated asynchronously. 
The following description applies when the AIC is configured to have asynchronous transmit and receive sections. 
Ifthe appropriate data bit in the Control register is a0 (see the AIC DX data word format), the transmit and receive 
sections will be asynchronous. 

L Serial port directly interfaces with the serial port of the DSP and communications in two 8-bit bytes. 

The operation sequence is as follows (see Serial Port Timing diagrams). 

1. FSX or FSR is brought low. 
. One 8-bit byte is transmitted or one 8-bit byte is received. 
. EODX or EODR is brought low. 
. FSX or FSR emits a positive frame-sync pulse that is four shift clock cycles wide. 
. One 8-bit byte is transmitted or one 8-bit byte is received. 
. EODX or EODR is brought high. 

7. FSX or FSR is brought high. 

H Serial port directly interfaces with the serial port of the SMJ32020, SMJ320C25, or SMJ320C30 and 
communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 

1. FSX or FSR is brought low. 
2. One 16-bit word is transmitted or one 16-bit word is received. 
3. FSX or FSR is brought high. 
4. EODX or EODR emits a low-going pulse. 
AIC transmit and receive sections are operated synchronously. 
If the appropriate data bit in the control register is a 1, the transmit and receive sections will be configured to be 
synchronous. In this case, the band-pass switched-capacitor filter and the A/D conversion timing will be derived 
from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter A, RX Counter 
B, and RA, RA’, and RB registers. In this case, the AIC FSX and FSR timing will be identical during primary data 
communication; however, FSR will not be asserted during secondary data communication since there is no new 
A/D conversion result. The synchronous operation sequences are as follows (see Serial Port Timing diagrams). 
L Serial port directly interfaces with the serial port of the DSP and communicates in two 8-bit bytes 
1. EODX or EODR are brought low. 
. One 8-bit byte is transmitted and one 8-bit byte is received. 
. EODX and EODR are brought low. 
. FSX or FSR emits positive frame-sync pulse that are four shift-clock cycles wide. 
. One 8-bit byte is transmitted and one 8-bit byte is received. 
. EODX or EODR is brought high. 
. FSX or FSR is brought high. 
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Terminal Functions (Continued) 


WORD/BYTE 13 Serial port directly interfaces with the serial port of the SMJ32020, SMJ320C25, or SMJ320C30 and 
(continued) communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 

1. FSX and FSR are brought low. 

2. One 16-bit word is transmitted and one 16-bit word is received. 

3. FSX and FSR are brought high. 


4. EODX or EODR emit low-going pulses. 
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional NOR 
and AND gates, will interface to two SN54299 serial-to-parallel shift registers. Interfacing the AIC to the SN54299 
shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel data bus communications 
between the AIC and the digital signal processor. The operation sequence is the same as the above sequence 
(see Serial Port Timing diagrams). 
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INTERNAL TIMING CONFIGURATION 


CO ee Re Re ee eee eee 


Master Clock Shift Clock 


5.184 MHZ (1) Divide by 4 1.296 MHz (1) 


41.472 MHz (2) | 
SMJ320 TA Register a 
it 
Osc DSP (5 Bits) (28 Compl) 
Low-Pass/ 
(sin x)/x 


Adder/ Divide by 2 Correction 


Subtractor Switched 
(6 Bits) Cap Filter 
CLK = 288 kHz 


TB Register Square Wave 
(6 Bits) 


Optional External Circuitry 
for Full-Duplex Modems 


ee Se te ee 


| 
| 
| | 
| | 
| | 
| | 
| | 
| : 
| | 
| Divide annen at | : J J 
xterna 
by 135 
H y 153.6 kHz Front-End | | do, dy = 0,0 do; dy = 0,1 i 
Clock (1) | Full-Duplex + © do, dy = 1,04 

i fs it ae 4 | | | do, dy = 1,1 ' : TX Counter B ; 
| (tien | | TB = 40; 7.2 kHz D/A | 
| | | TX Counter A TB = 36; 8.0 kHz Te ] 
bd | [TA= 9 (1)] TB = 30; 9.6 kHz ae 
i [TA= 18 (2)] 576-kHz TB = 20; 14.4 kHz 1 | 
: (6 Bits) Pulses TB = 15; 19.2 kHz 
| 
| RA Register RA’ Register | 
| (5 Bits) (6 Bits) | 
| (2s Compl) i 
| Low-Pass i 
i Switched | 
{ Adder/ Divide by 2 Cap Filter 

i Subtractor CLK = 288 kHz 
| (6 Bits) Square Wave : 
i RB Register | 
| (6 Bits) | 
: O) O 
| | do,dy=0,0 \ do, dy =0,1 | 
| | do, dy = 1,14 do, dy = 1,07 RX Counter B a 
i RB = 40, 7.2 kHz Guiabaien | 
: RX Counter A RB = 36, 8.0 kHz Frequency | 
| (RA = 9 (1)] RB = 30, 9.6 kHz High-Pass | 
i [RA= 18 (2)] 576-kHz RB = 20, 14.4 kHz Switched Cap | 
j (6 Bits) Pulses RB = 15, 19.2 kHz Filter CLK 
| 


ee ea al yp eA VERN an BR RES pM S ip ESET ETI tek 26 Rete 1 Ce ee 


t Split-band filtering can alternatively be performed after the analog input function via software in the SMJ320. 

+ These control bits are described in the AIC DX data word format section. 

NOTE: Frequency 1 (20.736 MHz) is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular speech 
and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously and as 
submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal frequency, 
aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter stages. 
Frequency 2 (41.472 MHz) is used to show that the AIC can work with high-frequency signals, which are used by high-speed digital signal 
processors. 
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(EEE SSS SSS Re TERE NE SE I SAAT APRA IL ES TT Se ES YDS ST TT OT SPR AMD RE OT DIT I OS ETT 
explanation of internal timing configuration 


Allthe internal timing of the AIC is derived from the high-frequency clock signal that drives the master clock input. 
The shift clock signal, which strobes the serial port data between the AIC and DSP, is derived by dividing the 
master clock input signal frequency by four. 


Low-pass: 
SCF Clock Frequency < Master Clock Frequency 
(D/A or A/D Path) . 2 x Contents of Counter A 


SCF Clock Frequency (D/A or A/D Path) 
Contents of Counter B 


Conversion Frequency 


High-pass: 
SCF Clock Frequenc 
(A/D Path) Sait % A/D Conversion Frequency 
Shift Clock Frequency = Master Clock Frequency 


4 


TX Counter A and TX Counter B, which are driven by the master clock signal, determine the D/A conversion 
timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the low-pass 
switched-capacitor filter in the D/A path to meet its transfer function specifications, the frequency of its clock input 
must be 288 kHz. If the clock frequency is not 288 kHz, the filter transfer function frequencies are frequency 
scaled by the ratios of the clock frequency to 288 kHz. Thus to obtain the specified filter response, the 
combination of master clock frequency and TX Counter A and RX Counter A values must yield a 288-kHz 
switched-capacitor clock signal. This 288-kHz clock signal can then be divided by the TX Counter B to establish 
the D/A conversion timing. 


The transfer function of the band-pass switched-capacitor filter in the A/D path is a composite of its high-pass 
and low-pass section transfer functions. The high-frequency roll-off of the low-pass section will meet the 
band-pass filter transfer function specification when the low-pass section SCF is 288 kHz. Otherwise, the 
high-frequency roll-off will be frequency scaled by the ratio of the high-pass section’s SCF clock to 288 kHz. The 
low-frequency roll-off of the high-pass section will meet the band-pass filter transfer function specification when 
the A/D conversion rate is 8 KHz. Otherwise, the low-frequency roll-off of the high-pass section will be frequency- 
scaled by the ratio of the A/D conversion rate to 8 kHz. 


TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX Counter 
B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with the values 
in the TB and RB Registers, respectively. Via software control, the TX Counter A can be loaded with either the | 
TA Register, the TA Register less the TA’ Register, or the TA Register plus the TA’ Register. By selecting the TA 
Register less the TA’ Register option, the upcoming conversion timing will occur earlier by an amount of time 
that equals TA’ times the signal period of the master clock. By selecting the TA Register plus the TA’ Register 
option, the upcoming conversion timing will occur later by an amount of time that equals TA’ times the signal 
period of the master clock. Thus, the D/A conversion timing can be advanced or retarded. An identical ability 
to alter the A/D conversion timing is provided. In this case, however, the RX Counter A can be programmed via 
software control with the RA Register, the RA Register less the RA’ Register, or the RA Register plus the RA’ 
Register. 


The ability to advance or retard conversion timing is particularly useful for modem applications. This feature 
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance signal-to- 
noise performance, to perform frequency-tracking functions, and to generate nonstandard modem frequencies. 
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lf the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description) then 
both the low-pass and band-pass switched-capacitor filter clocks are derived from TX Counter A. Also, both the 
D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the transmit and 
receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA Register, RA’ Register, 
and RB Registers are not used. 


AIC DR or DX word bit pattern 
1st bit sent 1st bit sent of 2nd byte A/D or D/A LSB 


(015 [14 | 013 | D12 | D11 | D10 | D9 | bs | 7 | 6 | 05 | D4 | D3 | D2 | OF | DO 


AIC DX data word format section 


15 | dt4 | ai3 | diz] dit |atolas|dsla7|as{as|a4}dsja2|ai{do| COMMENTS 
Renee oS SSS ee 


Primary DX serial communication protocol 


< d15 (MSB) through d2 go to the D/A 
converter register 


0 | The TX and RX Counter As are loaded with the TA and 
RA register values. The TX and RX Counter Bs are 
loaded with TB and RB register values. 


The TX and Counter As are loaded with the TA + TA’ 
and RA + RA’ register values. The TX and RX 
Counter Bs are loaded with the TB and RB register 
values. Counter Bs are loaded with the TB and RB 
register values. 

NOTE: d1 =0, dO = 1 will cause the next D/A and A/D 
conversion periods to be changed by the addition of 
TA’ and RA’ master clock cycles, in which TA’ and RA’ 
can be positive or negative or zero. Please refer to 
Table 1. AlC Responses to Improper Conditions. 


The TX and Counter As are loaded with the TA - TA’ 
and RA - RA’ register values. The TX and RX 
Counter Bs are loaded with the TB and RB register 
values. 

NOTE: d1 =0, dO = 1 will cause the next D/A and A/D 
conversion periods to be changed by the subtraction 
of TA’ and RA’ master clock cycles, in which TA’ and 
RA can be positive or negative or zero. Please refer 
to Table 1. AIC Responses to Improper Conditions. 


The TX and Counter As are loaded with the TAand RA 
register values. The TX and RX Counter Bs are 
loaded with the TB and RB register values. After a 
delay of four shift-clock cycles, a secondary 
transmission will immediately follow to program the 
AIC to operate in the desired configuration. 
NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC will initiate 
Secondary Communications upon completion of the Primary Communications. 
Upon completion of the Primary Communication, FSX will remain high for four shift-clock cycles and will then go low and initiate the 
Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. in this manner, the 
Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents the 
Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from skipping a 
DAC output. It is important to note that in the synchronous mode, FSR will not be asserted during Secondary Communications. 


< d15 (MSB) through d2 go to the D/A 
converter register 


< d15 (MSB) through d2 go to the D/A 
converter register 


< d15 (MSB) through d2 go to the D/A 
converter register 
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secondary DX serial communication protocol 


x x|<to TAregister—>|x x|< to RA register —-|00 d13 and d6 are MSBs (unsigned binary) 

x | <to TA’ register |x| < to RA’ register —|01 d14 and d7 are 2s complement sign bits 

x | to TB register — |x| < to RB register —|10 d14 and d7 are MSBs (unsigned binary) 
11 


SE ES d7 d6 d5 d4 d3 d2 
d2 = 0/1 deletes/inserts the band-pass filter 


d3 = 0/1 disables/enables the loopback function 
it~ Contra eget <a d4 = 0/1 disables/enables the AUX IN+ and AUX IN- pins 
d5 = 0/1 asynchronous/synchronous transmit and receive sections 
d6 = 0/1 gain control bits (see Gain Control Section) 
d7 = 0/1 gain control bits (see Gain Control Section) 
d9 = 0/1 delete/insert on-board second-order (sin x)/x correction filter 


reset function 


A reset function is provided to initiate serial communications between the AIC and DSP. The reset function will 
initialize all AIC registers, including the control register. After power has been applied to the AIC, a 
negative-going pulse on RESET will initialize the AIC registers to provide an 8-kHz A/D and D/A conversion rate 
for a 5.184-MHz master clock input signal. The AIC, except the control register, will be initialized as follows (see 
AIC DX data word format section): 


INITIALIZED 
REGISTER 
REGISTER VALUE (HEX) 

TA 9 
TA’ 1 
TB 24 
RA 9 
RA’ 

RB 24 


The control register bits will be reset as follows (see AIC DX data word format section): 
d9.= 1, d7 =.1,.d6.= 1,05 = 1, d4:=0,d3.=0,d2.=.1 


This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit and 
receive sections are configured to operate synchronously and the user wishes to program different conversion 
rates, only the TA, TA’, and TB register need to be programmed, since both transmit and receive timing are 
synchronously derived from these registers (see the Terminal Functions table and AIC DX data word format 
section). 


The circuit shown below will provide a reset on power up. The circuit depends on the power supplies’ reaching 
their recommended values a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND. 
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FrameSync 4 t2 
FSX or FSR | | 


| 
— Ongoing Conversion = 
to — ty = 1/19.2 kHz 


asynchronous operation — more than one receive frame sync occurring between two transmit 
frame syncs 


When incrementally adjusting the conversion period via the A + A’ or A—A' register options, a specific protocol 
is followed. The command to use the incremental conversion period adjust option is sent to the AIC during an 
FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive Conversion Period 
A or B may be adjusted. For both transmit and receive conversion periods, the incremental conversion period 
adjustment is performed near the end of the conversion period. Therefore, if there is sufficient time between t, 
and to, the receive conversion period adjustment will be performed during Receive Conversion Period A. 
Otherwise, the adjustment will be performed during Receive Conversion Period B. The adjustment command 
only adjusts one transmit conversion period and one receive conversion period. To adjust another pair of transmit 
and receive conversion periods, another command must be issued during a subsequent FSX frame (see figure 
below). 


4 Transmit Conversion Period ———_—_> 


| | 
<— Receive Conv. —»,q— Receive Conv. 
Period A | Period B i 


asynchronous operation — more than one transmit frame sync occurring between two receive 
frame syncs 


When incrementally adjusting the conversion period via the A + A’ or A—A register options, a specific protocol 
is followed. For both transmit and receive conversion periods, the incremental conversion period adjustment is 
performed near the end of the conversion period. The command to use the incremental conversion period adjust 
options is sent to the AIC during an FSX frame sync. The ongoing transmit conversion period is then adjusted. 
However, three possibilities exist for the receive conversion period adjustment in the diagram as shown in the 
following figure. Ifthe adjustment command is issued during Transmit Conversion Period A, Receive Conversion 
Period A will be adjusted if there is sufficient time between t; and to. If there is not sufficient time between t; and 
to, Receive Conversion Period B will be adjusted. The receive portion of an adjustment command may be ignored 
if the adjustment command is sent during a receive conversion period, which is already being or will be adjusted 
due to a prior adjustment command. For example, if adjustment commands are issued during Transmit 
Conversion Periods A, B, and C, the first two commands may cause Receive Conversion Periods A and B to 
be adjusted, while the third receive adjustment command is ignored. The third adjustment command is ignored 
since it was issued during Receive Conversion Period B, which already will be adjusted via the Transmit 
Conversion Period B adjustment command. 


4-232 
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ty 


FSX 
| Transmit Conv. Transmit Conv. Transmit Conv. 
(‘*— Period A "re Period B et Period C “> 
t2 
FSR 


| 
| | | 
}¢—————— Receive Conversion Period A ————_ >} Receive Conversion Period B ————>} 


asynchronous operation — more than one set of primary and secondary DX serial communication 
occurring between two receive frame sync (see AIC DX data word format section) 


The TA, TA’, TB, and control register information that is transmitted in the secondary communications is always 
accepted and is applied during the ongoing transmit conversion period. If there is sufficient time between ty and 
to, the TA, RA’, and RB register information, which is sent during Transmit Conversion Period A, will be applied 
to Receive Conversion Period A. Otherwise, this information will be applied during Receive Conversion Period 
B. If RA, RA’, and RB register information has already been received and is being applied during an ongoing 
conversion period, any subsequent RA, RA’, or RB information that is received during this receive conversion 
period will be disregarded (see diagram below). 


ty 


Primary Secondary Primary Secondary Primary Secondary 
FSX 
| | | | 
| Transmit Transmit Transmit 
tn fa ct coger sb sip i a one a! 
Conversion Conversion Conversion 
Period A Period B Period C 
to 
FSR 


Receive Conversion | | 


+——  PerlodA ——>e———_—_——————_- Reeve Conversion Period B ———————__ 
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_ test modest 


The following paragraph provides information that explains how the TLC32044M may be operated in special 
test modes. These test modes are used by Texas Instruments to facilitate testing of the device during 
manufacturing. They are not intended to be used in real applications; however, they allow the filters in the A/D 
and D/A paths to be used without using the A/D and D/A converters. 


In normal operation, the nonusable (NU) pins are left unconnected... These NU pins are used by the factory to 
speed up testing of the TLC32044M Analog Interface Circuit (AIC). When the device is used in normal 
(non-test-mode) operation, the NU pin (pin 1) has an internal pull down to 5 V. Externally connecting 0 V or 5 V 
to pin 1 puts the device in test-mode operation. Selecting one of the possible test modes is accomplished by 
placing a particular voltage on certain pins. A description of these modes is provided in Table 1 and Figures 1 
and 2. 


Table 1. List of Test Modes 


D/A PATH TEST (PIN 1 TO 5 V) A/D PATH TEST (PIN 1 TO 0 V) 
TEST FUNCTION TEST FUNCTION 


The pulse that initiates the A/D conversion is brought out here. 
This signal is normally internal. 

No change from normal operation. The EODR signal is brought 
out. 


is the high-pass section clock frequency (see diagram of 
band-pass or low-pass filter test for receive section). These 
outputs will drive small (80-pF) loads. 


27 and 28 ‘| There are no test output signals provided on these pins. The outputs of the A/D path low-pass or band-pass filter 
(depending upon control bit d2 — see AIC DX data word format 
section) are brought out to these pins. If the high-pass section is 
inserted, the output will have a (six)/s droop. The slope of the 
droop will be determined by the ADC sampling frequency, which 

eee D/A PATH LOW-PASS FILTER TEST; PIN 13 (WORD/BYTE) —5 V 


Ree iee 5. TEST FUNCTION 
15and16 | The inputs of the D/A path low-pass filter are brought out to pins 15 and 16. The D/A input to this filter is removed. If the (sin x)/x 
correction filter is inserted, the OUT+ and OUT- signals will have a flat response (see Figure 2). The common-mode range of 
these inputs must not exceed +0.5 V. 


T In the test mode, the AIC responds to the setting of pin 13 to 5 V, as if pin 13 were set to 0 V. Thus the byte mode is selected for communicating 
between the DSP and AIC. Either of the path tests (D/A or A/D) can be performed simultaneously with the D/A low-pass filter test. In this situation, 
pin 13 must be connected to 5 V, which initiates byte-mode communications. 
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Pin 27 (positive) 
Pin 28 (negative)t 


Test Control 
(pin 1 at 0 V) 


Filter 


Figure 1. Band-Pass or Low-Pass Filter Test for Receiver Section 


Filter 


Test Control 
(pin 13 at —5 V) 


Pin 16 (positive), 
Pin 15 (negative)t 


Figure 2. Low-Pass Filter Test for Transmit Section 


T All analog signal paths have differential architecture and hence have positive and negative components. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage range Vie. (eRe NOE 1) soc Nis ceeds Okeke one peed Ca pune es ua —0.3Vto 15 V 
ane Ons MMM MENT sree, chasis « i <p Sk RAE AS OA 8 ONO Ow hy ad ey eka ee ea —0.3Vto 15V 
ALN oe SERRE Bos AN So cb osc edu TORRE EH ond eR OSA ewe PRE Sybase Rees —-0.3Vto15V 
PRU VOC eNO Ws xa SANE dies Kok bing oS Wada even ateore ne a sa 80 Po FAG wn hg U RS at RS —0.3Vto15V 
Gna ares Wis ARN ee 4 4s cd Oo vw a oe SoBe ERE 1 ee A ee —0.3Vto15V 
(JDO WOO-GNACINDOIEU NGO TONOO sos fics da ew swsv ale dees vske e396 Coxe Roe ewe —55°C to 125°C 
erate Mae MU FANG 4 sO. oss icv cveds odo ada cae ow Meee stoned use Orbe ee eet —65°C to 150°C 
(ise tetierature 10 0 SOCONCS. FIs DACKOUE. <b scwcd keds veh fence ape when tad caw pape coe pa 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ eee ee eee 300°C 


NOTE 1: Voltage values for maximum ratings are with respect to Voc_. 


recommended operating conditions 


PARAMETER 


Supply voltage, Vcc + (see Note 2) 4.75 5 5.25 
Supply voltage, Vcc— (see Note 2) —4,75 -§ -—-5.25 
Digital supply voltage, Vpp (see Note 2) 4.75 5 §.25 
Digital ground voltage with respect to ANLG GND, DGTL GND 

Reference input voltage, Vref(ext) (see Note 2) 

High-level input voltage, VipH 

Low-level input voltage, Vi, (see Note 3) 

Maximum peak output voltage swing across Ry at OUT+ or OUT-— (single-ended) (see Note 4) 
Load resistance at OUT+ and/or OUT-, Ry 

Load capacitance at OUT+ and/or OUT-, Cy. 100 
MSTR CLK frequency (see Note 5) .075 5 10.368 
Analog input amplifier common mode input voltage (see Note 6) 21.5 
A/D or D/A conversion rate 
Operating free-air temperature, Ta 125 


NOTES: 2. Voltages at analog inputs and outputs, REF, Voc 4, and Vcc_-., are with respect to the ANLG GND terminal. Voltages at digital inputs 
and outputs and Vpp are with respect to the DGTL GND terminal. 

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic 
voltage levels and temperature only. 

4. This applies when R,_ = 300 Q and offset voltage = 0. 

5. The band-pass switched-capacitor filter (SCF) specifications apply only when the low-pass section SCF clock is 288 kHz and the 
high-pass section SCF clock is 8 kHz. If the low-pass SCF clock is shifted from 288 kHz, the low-pass roll-off frequency will shift by 
the ratio of the low-pass SCF clock to 288 kHz. If the high-pass SCF clock is shifted from 8 kHz, the high-pass roll-off frequency will 
shift by the ratio of the high-pass SCF clock to 8 kHz. Similarly, the low-pass switched-capacitor filter (SCF) specifications apply only 
when the SCF clock is 288 kHz. If the SCF clock is shifted from 288 kHz, the low-pass roll-off frequency will shift by the ratio of the 
SCF clock to 288 kHz. 

6. This range applies when (IN+— IN—) or (AUX IN+ — AUX IN-) equals +6 V. 


Vpp+0.3 
—-0.3 
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electrical characteristics over recommended operating free-air temperature range, Vcc, = 5 V, 
Vcc-=-5 V, Vpp = 5 V (unless otherwise noted) 


total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded 


PARAMETER TEST CONDITIONS MIN TYPT MAX] UNIT 


[Vou Low-level outputvoiage————SSSCS~S~S~S VE ATE, lg =2mA | ———S—t S| 
fogs SumuaaeoenVons! a ee ea 
(iG. Seneameitatvers Tose eS 
Viet _Intemal reference outputvolage——SSSCSC=~—~sSs~sSSCSSCS~“—*~—sé‘dCSC“‘té‘ dC 
[ayret Temperature coeflcient of intemal eferencevotlage | ———SC~S SSS —*d mP 
7 emanate) ee 


receive amplifier input 


PARAMETER TEST CONDITIONS MIN TYPTt MAX] UNIT 
A/D converter offset error (filters in) 


p= Biya) ove aiiase Chia iol bier I a 
Common—mode rejection ratio at IN+, IN-, 
f_____Input resistance at Ne, IN or AUXINs, AUXIN REF | SSC~<“—~—~*é‘sSC‘“‘Cé;C!;#*#*dS;C~COWNC=C 


NOTE 7: The test condition is a 0-dBm, 1-kHz input signal with an 8-kHz conversion rate. 


transmit filter output 


Se ee ee ee ee 
“age ae penton te 
system distortion specifications, SCF clock frequency = 288 kHz 


Attenuation of second harmonic of Vin = —0.5 GB to —24 dB referred to Vref, | 
ADrouaga [Dawes —|srgewetemcuarc, sence [ee | 

Attenuation of third and higher Vin = —0.5 dB to —24 dB referred to Vref, 
hmencstADton aot ___| Basta | ongoanswenvatsvc,  seonewe [sree] 
i 62 70 Pe 


Attenuation of second harmonic of Vin = —0 dB to -24 GB referred to Vref, 
beer eaeiaimi et ag TR 
Attenuation of third and higher Vin = —0 dB to —24 dB referred to Vref, 
t All typical values are at Ta = 25°C. . 
NOTE 8: The test condition is a 1-kHz input signal with an 8-kHz conversion rate (0 dB relative to Vref). The load impedance fo the DAC is 3002. 
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electrical characteristics over recommended operating free-air temperature range, Vcc, = 5 V, 
Vcc-—=-—5 V, Vpp = 5 V (unless otherwise noted) (continued) 


A/D channel signal-to-distortion ratio 


TEST CONDITIONS [_Ay= 11 
PARAMETER (see Note 8) UNIT 


Viesedbio-05d | se [oser_ sf ssa? 
Vis=i2aBto-603 | se | se | >ser_ 
Wi=-18dBto-12d8 | 66 | se | 58 _| 
viz=24aBt0-1808 | so-+| se | ss 
[viz=s0aBto-260_ [| «4 | so | se | 
[viz=s6aBto-s008 | se | «| so _| 
Mi==48dBt0-a20B | 26, | 92 | _s3 _| 
ROE TST AR RP 5 ad 


T Ay is the programmable gain of the input amplifier. 
+ A value > 58 is overrance and signal clipping occurs over range. 


A/D channel signal-to-distortion ratio 


D/A channel signal-to-distortion ratio 


Po ee 
SUERTE | Sas, OS ee 

a Me 
SSA Rae (oe TT ed os. 
PRR Re Re Cea i. 
eae EST Rh aes he. ae 
weld 

het cata 

pe ye@ cies 

25 ae 


D/A channel signal-to-distortion ratio 


V| = —36 dB to -30 dB 
V| = —42 dB to —36 dB 


V| = —54 dB to —48 dB 


NOTE 8: The test condition is a 1-kHz input signal with an 8-kHz conversion rate (0 dB relative to Vref). The load impedance for the DAC 
is 300 Q. 


operating characteristics over recommended operating free-air temperature range, Voc, = 5 V, 
Vec-=-5 V, Vpp = 5 V 


noise (measurement includes low-pass and band-pass switched-capacitor filters) 


PARAMETER TEST CONDITIONS TYPt MAX] UNIT 
DX input = 00000000000000, constant input code | 325.450 | uV rms | 
P18 _—| demo 


300 500 | uV rms | rms 
Receive noise (see Note 9) Inputs grounded, gain = 1 


§ All typical values are at Ta = 25°C. 
NOTE 9: This noise is computed by statistically evaluating the digital output of the A/D converter. 


Transmit noise 


& 
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timing requirements 


serial port recommended input signals 


PARAMETER 
tc(MCLK) Master clock cycle time 
tr(MCLK) Master clock rise time 


tsu(DX) | DX setup time before SCLK| 


th(DX) | DX hold time before SCLK| te(SCLK)/4 ae 


NOTE 10: RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached their 
recommended values. 


serial port — AIC output signals 


te(SCLK) Shift clock (SCLK) cycle time i re ei, 
fisoue —Sriteoasou anime 
tr(SCLK) Shift clock (SCLK) rise time ae a. Pe Se 
aR TT a a oe C2 
td(CH-FL) Delay from SCLKt to FSR/FSX| eae 
fa(orcriy DeayfomSOKTOFSRFEXT me 
een ORmeMNeR Te ee aa 
fawr-el) Delay FomSCIKTTOEODXEODRI inWORD ede |B] 
faw(on-eH) DSayfomSOLKTwEODNEODATNWORDMode | OS 
Fae(oriet) DeayFOMSCLKTOEODNEODRInBYTEmoe | OO 
ao(CHEH) Delay FomSCLKHeEODKECDATBYTEmoe | OO 
aquest) DeayfomMSTRGKTOSOKT TO 
td(MH-SH) Delay from MSTR CLK f to SCLK} VER ION SORE Oi aie Ed 


t Typical values are Tp = 25°C. 
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Table 2. Gain Control Table 
(Analog Input Signal Required for Full-Scale A/D Conversion) 


an anes era BITS + A/D CONVERSION 
INPUT CONFIGURATIONS ANALOG INPUT 


RESULT 


Differential configuration ay eee 
Analog input = IN+ —IN— . ull scale 


anew aati. ot 


Se 


Single-ended configuration 
“Nate: asa @nO Oe 
apn aan ies DR ee 


T Inthis example, Vref is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input not exceed 
0.1 dB below full scale. 


Rfb Rfb 
R R 
+ AUX IN + 
4 To MUX R To MUX 
im AUX IN - 
Rtb Rtb 


Rfb = R for d6 = 1, d7=1 Reb = R for d6 = 1,d7=1 
d6 = 0, d7 =0 d6 =0,d7=0 
Rfb = 2R for d6 = 1,d7=0 Rfb = 2R for d6 = 1,d7=0 
Rfb = 4R for d6 = 0, d7 = 1 Rfb = 4R for d6 = 0, d7 = 1 
Figure 3. IN+ and IN— Gain Figure 4. AUX IN+ and AUX IN- 
Control Circuitry Gain Control Circuitry 


(sin x)/x correction section 


The AIC does not have (sin x)/x correction circuitry after the digital-to-analog converter. (sin x)/x correction can 
be accomplished easily and efficiently in digital signal processor (DSP) software. Excellent correction accuracy 
can be achieved to a band edge of 3000 Hz by using a first-order digital correction filter. The results, which are 
shown on the next page, are typical of the numerical correction accuracy that can be achieved for sample rates 
of interest. The filter requires only seven instruction cycles per sample on the SMJ320 DSPs. With a 200-ns 
instruction cycle, nine instructions per sample represents an overhead factor of 1.4% and 1.7% for sampling 
rates of 8000 Hz and 9600 Hz, respectively. This correction will add a slight amount of group delay at the upper 
edge of the 300 — 3000-Hz band. 
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(sin x)/x roll-off for a zero-order hold function 


The (sin x)/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for the various 
sampling rates is shown in the table below. 


Table 3. (sin x)/x Roll-Off 


sin x f/f 
20 log Sin x fifs 
It fifs 


(f = 3000 Hz) 


Note that the actual AIC (sin x)/x roll-off will be slightly less than the above figure because the AIC has less than 
a 100% duty cycle hold interval. 


correction filter 


To compensate for the (sin x)/x roll-off of the AIC, a first-order correction filter shown below, is recommended. 


U(i + 1) Y(i + 1) 


(1- p1)P2 


x pt 


The difference equation for this correction filter is: 
Y; + 1 = p2(1 — pt) (uj + 1) + pl Y; 


where the constant p1 determines the pole locations. 


The resulting squared magnitude transfer function is: 


1H (|2 = p22 (1 — p1)@ 
~ 41-2p1 cos(2 x f/f,) + p12 
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correction results 


Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and 9600-Hz 
sampling rates. 


Table 4. Optimum P Values 


ERROR (dB) ERROR (dB) 
fs = 8000 Hz fs = 9600 Hz 
p1 =-0.14813 p1 = -0.1307 
p2 = 0.0999 p2 = 0.9951 


SMJ320 software requirements 


The digital correction filter equation can be written in state variable form as follows: 
Y =k1Y + k2U 


where k1 equals p1 (from the preceding page), k2 equals (1 — p1)p2 (from the preceding page), Y is the filter 
state, and U is the next I/O sample. The coefficients k1 and k2 must be represented as 16-bit integers. The 
SACH instruction (with the proper shift) will yield the correct result. With the assumption that the SMJ320 
processor page pointer and memory configuration are properly initialized, the equation can be executed in seven 
instructions or seven cycles with the following program: 


ZAC 
LT K2 

MPY U 

LTA Kl 

MPY Y 

APAC 

SACH (dma), (shift) 
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PARAMETER MEASUREMENT INFORMATION 


i tesciky PE tye l¢+——>—_ te(SCL 
oy | weve ies 2V 2vl_ov! : ay 
sare CU LALA NAAR LPS 
| 0.8V ee ae | | | 
td(CH-FL) > e | : >i td(CH-FH) > le td(CH-FL) td(CH-FH) + —- 
FSRFSX Voy _| | ‘Ae i av 
| | | | 
[> td(CH-DR) | | 
OR pis. J D4) Dig De he UT 08/02 \ D1__DO, 
0.8V | | 
tsu(DX) ed a | | 
: Don’t Care 
| 
> | thx 


| | 
ME tab(CH-EL) tdb(CH-EH) > - 
EODR, EODX 0.8V 2V 


(a) BYTE-MODE TIMING 


atin te(SCLK) 
2V 2v 1 wt ge ee 
SHIFT CLK dik: Nebel dl ol 
osv | | 08V 08V | | 
> ta(CH-FL) 7 aCe) as | ! 
ee | 
ig. ee ae Oe ‘fas 
> i¢-*a(CH-DR) 3 : 
| 
DR TD 9 CD C9 
| 
| 
: | 
> © thioxX) taw(CH-EL) —>! > - tdw(CH-EH) 
EODX, EODR = 
0.8V 


(b) WORD-MODE TIMING 


MSTR CLK ) } 
td(MH-SH) saad <- td(MH-SL) 


SHIFT CLK 7 K 


(c) SHIFT-CLOCK TIMING 


Figure 5. Serial Port Timing 
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PARAMETER MEASUREMENT INFORMATION 


SMJ320C10 


CLK OUT 
INT 


Figure 6. SMJ320C10/SMJ320C15/SMJ320E15-TLC32044M Interface Circuit 


CLK OUT 


DEN 


SO, Gi 


DO-D15 Valid 


(a) IN INSTRUCTION TIMING 


SN74LS138 Y1 | | | 
SN74LS299 CLK 


DO-D15 Valid 


(b) OUT INSTRUCTION TIMING 
Figure 7. SMJ320C10/SMJ320C15/SMJ320E15-TLC32044M Interface Timing 
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TYPICAL CHARACTERISTICS 


AIC TRANSMIT AND 
RECEIVE LOW-PASS FILTER 


Heh Se ee 
iNeed 20 Be PR Fo 
epee aT octane a 
ceihsh dE Silas eee 


AIC TRANSMIT AND 
RECEIVE LOW-PASS FILTER 


SCF Clock f = 288 kHz 
Ta = 25°C 
Input = +3-V Sinewave 


iy ’ 
m -20 e 
jac CSA kee ee 
o -30 & 
gy ® 
Ne te 
-40 = 
Peseta aoe re 
= -50 S 
-60 SCF Clock f = 288 kHz 
Ta = 25°C 
-70 input = +3-V Sinewave 
-80 
0 FOS. ct HS 62 28.8: (38S 4 2s Ss 0 OG ct: Ads c2 c2Se5$. +35: 6 46 SS 
Normalized Frequency — kHz x _SCF Clock Frequency _ Normalized Frequency — kHz x _SCF Clock Frequency _ 
288 kHz 288 kHz 
Figure 8 Figure 9 
AIC RECEIVE-CHANNEL AIC RECEIVE-CHANNEL 
BAND-PASS FILTER HIGH-PASS FILTER 
rr ee Sor clock 0 
Ta = 25°C 
Pep h | sapmlewdas tid Input = 33-V Sinewave 
m m 
se) =) 
1 
® oe 
: : 
= = 
5 g 
Low-Pass SCF Clock f = 288 kHz 
High-Pass SCF Clock f = 8 kHz 
Ta = 25°C 
Input = +3-V Sinewave 
0-08" 1 “TS *2:~ 23° 3> 3h 4°48 5 0 50 100 150 200 250 300 350 400 450 500 
Frequency — kHz Normalized Frequency — kHz x A/D Conversion Rate 
8 k samples/s 
Figure 10 Figure 11 
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TYPICAL CHARACTERISTICS 


AIC RECEIVE-CHANNEL 
BAND-PASS FILTER 


Low-Pass SCF Clock f = 288 kHz 
High-Pass SCF Clock f = 8 kHz 
Ta = 25°C 

Input = +3-V Sinewave 


AIC (sin x)/x CORRECTION FILTER 


SCF Clock f = 8 kHz 
Ta = 25°C 
Input = +3-V Sinewave 


2) 

E = 
> ® 
© a] 
3 2 
c 

$ 2 
° = 

. 
0-65 15°52 —282-3-'36-4 =456 §& 
Frequency — kHz SCF Clock Frequency 
Normalized Frequency — kHz x See: so eae 
Figure 12 Figure 13 
A/D SIGNAL-TO-DISTORTION RATIO 
vs 
AIC (sin x)/x CORRECTION FILTER INPUT SIGNAL 
1-kHz Input Signal 
8-kHz Conversion Rate 
(sin x)/x 
Correction Filter ‘e 
se) 
| 
2 
© 
fe 
= § 
| £ 
© ° 
E 9 
= Q 
& 6 
S < 
. ¢ 
D/A Converter (sin att 2 
Distortion for TB Register = 36 4 
ene 8 dae ee eo ae ee RL GS 
Normalized Frequency — kHz x SCF Clock Frequency Input Signal Relative to Vre¢ — dB 
' 288 kHz 
Figure 14 Figure 15 
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Gain Tracking — dB 


Gain Tracking — dB 


TYPICAL CHARACTERISTICS 


A/D GAIN TRACKING D/A CONVERTER SIGNAL-TO-DISTORTION RATIO 
(GAIN RELATIVE TO GAIN vs 
AT 0-dB INPUT SIGNAL) INPUT SIGNAL LEVEL 


1-kHz Input Signal 
8-kHz Conversion Rate 


1-kHz Input Signal into 600 Q 
8-kHz Conversion Rate 


a 

o 

| 

2 

& 

cr 

c 

2 

tc 

2 

n 

2 

2 

w 

c 

bi 

” 

Input Signal Relative to Vre¢ — dB Input Signal Relative to Vre¢ — dB 
Figure 16 Figure 17 
D/A GAIN TRACKING A/D SECOND HARMONIC DISTORTION 
(GAIN RELATIVE TO GAIN vs 
AT 0-dB INPUT SIGNAL LEVEL) INPUT SIGNAL 


1-kHz Input Signal into 600 © 
8-kHz Conversion Rate 


1-kHz Input Signal 
8-kHz Conversion Rate 


Second Harmonic Distortion — dB 


Input Signal Relative to Vref — dB Input Signal Relative to Vref — dB 
Figure 18 Figure 19 
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TYPICAL CHARACTERISTICS 


D/A SECOND HARMONIC DISTORTION A/D THIRD HARMONIC DISTORTION 
vs “VS 
INPUT SIGNAL INPUT SIGNAL 


. g 
i 

5 : 
5 = 
2 5 
2 = 
ra) ra) 
2 o 
= _— 
9 3 
E E 
© he 
= r 
¢ t= 
3 = 
” 

Input Signal Relative to Vre¢ — dB Input Signal Relative to Vre¢ — dB 
Figure 20 Figure 21 


D/A THIRD HARMONIC DISTORTION 
vs 
INPUT SIGNAL 


1-kHz Input Signal into 600 Q 
8-kHz Conversion Rate 


Third Harmonic Distortion — dB 


Input Signal Relative to Vre¢ — dB 
Figure 22 
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APPLICATION INFORMATION 


CLKOUT VCC+ 5V 
FSX REF _ C 
ANLG GND 
™MS32020/C25 
TLC32044 BAT 42t c 
Voc- -5V 

ee ee ee 

0.1 uF 


DGTL GND 


Niet Ag: 


C = 0.2 uF, Ceramic 


Figure 23. AIC Interface to the SMJ32020/C25 Showing Decoupling Capacitors and Schottky Diodet 
t Thomson Semiconductors 


Vcc 


3-V Output 


TL431 


For: Voc =12V, R = 7200 W 
Vcc = 10 V, R = 5600 W 
Vec = 5V, R = 1600 W 


Figure 24. External Reference Circuit for TLC32044 
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PRINCIPLES OF OPERATION 


analog input 


Two sets of analog inputs are provided. Normally, the IN+ and IN—input set is used; however, the auxiliary input 
set, AUX IN+ and AUX IN-, can be used if a second input is required. Each input set can be operated in either 
differential or single-ended modes, since sufficient common-mode range and rejection are provided. The gain 
for the IN+, IN—, AUX IN+, and AUX IN— inputs can be programmed to be either 1, 2, or 4 (see Table 2). Either 
input circuit can be selected via software control. It is important to note that a wide dynamic range is assured 
by the differential internal analog architecture and by the separate analog and digital voltage supplies and 
grounds. 


A/D band-pass filter, A/D band-pass filter clocking, and A/D conversion timing 


The A/D high-pass filter can be selected or bypassed via software control. The frequency response of this filter 
is presented in the following pages. This response results when the switched-capacitor filter clock frequency 
is 288 kHz and the A/D sample rate is 8 kHz. Several possible options can be used to attain a 288-kHz 
switched-capacitor filter clock. When the filter clock frequency is not 288 kHz, the low-pass filter transfer function 
is frequency-scaled by the ratio of the actual clock frequency to 288 kHz. The ripple bandwidth and 3-dB 
low-frequency roll-off points of the high-pass section are 150 and 100 Hz, respectively. However, the high-pass 
section low-frequency roll-off is frequency scaled by the ratio of the A/D sample rate to 8 kHz. 


The A/D conversion rate is then attained by frequency dividing the 288-kHz band-pass switched-capacitor filter 
clock with the RX Counter B. Thus unwanted aliasing is prevented because the A/D conversion rate is an integral 
submultiple of the band-pass switched-capacitor filter sampling rate, and the two rates are synchronously 
locked. 


A/D converter performance specifications 


Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter 
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with switched- 
capacitor techniques provides an inherent sample and hold. 


analog output 


The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier outputs 
are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads directly in either 
a differential or single-ended configuration. 


D/A low-pass filter, D/A low-pass filter clocking, and D/A conversion timing 


The frequency response ofthis filter is presented in the following pages. This response results when the low-pass 
switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function of this filter is 
frequency scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided on the output of 
the (sin x)/x filter to eliminate the periodic sample data signal information, which occurs at multiples of the 
288-kHz switched-capacitor filter clock. The continuous time filter also greatly attenuates any switched- 
capacitor clock feedthrough. 


The D/A conversion rate is attained by frequency dividing the 288-kHz switched-capacitor filter clock with TX 
Counter B. Thus unwanted aliasing is prevented because the D/A conversion rate is an integral submultiple of 
the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously locked. 
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PRINCIPLES OF OPERATION 


asynchronous versus synchronous operation 


lf the transmit section of the AIC (low-pass filter and DAC) and receive section (band-pass filter and ADC) are 
operated asynchronously, the low-pass and band-pass filter clocks are independently generated from the 
master clock signal. Also, the D/A and A/D conversion rates are independently determined. If the transmit and 
receive sections are operated synchronously, the low-pass filter clock drives both low-pass and band-pass 
filters. In synchronous operation, the A/D conversion timing is derived from, and is equal to, the D/A conversion 
timing. (See description of the WORD/BYTE pin in the Terminal Functions table.) 


D/A converter performance specifications 


Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter 
operating characteristics section of the data sheet. The D/A converter has a sample and hold that is realized 
with a switched-capacitor ladder. 


system frequency response correction 


(Sin x)/x correction for the D/A converter’s zero-order sample-and-hold output can be provided by an on-board 
second-order (sin x)/x correction filter. This (Sin x)/x correction filter can be inserted into or deleted from the signal 
path by digital signal processor control. When inserted, the (sin x)/x correction filter follows the switched- 
capacitor low-pass filter. When the TB register (see internal timing configuration section) equals 36, the 
correction results of Figures 11 and 12 will be obtained. 


(Sin x)/x correction can also be accomplished by deleting the on-board second-order correction filter and 
performing the (sin x)/x correction in digital signal processor software. The system frequency response can be 
corrected via DSP software to +0.1-dB accuracy to a band edge of 3000 Hz for all sampling rates. This 
correction is accomplished with a first-order digital correction filter, which requires only seven SMJ320 
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of only 1.1% 
and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the (sin x)/x correction section for more details). 


serial port 


The serial port has four possible modes that are described in detail in the Terminal Functions table. These modes 
are briefly described below and in the description for pin 13, WORD/BYTE. 


1. Thetransmit and receive sections are operated asynchronously, and the serial port interfaces directly 
with the DSP in two 8-bit bytes. 


2. Thetransmit and receive sections are operated asynchronously, and the serial port interfaces directly 
with the SMJ32020, SMJ320C25, and the SMJ320C30. 


3. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the DSP in two 8-bit bytes. 


4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the SMJ32020, SMJ320C25, SMJ320C30, or two SN54299 serial-to-parallel shift registers, which 
can then interface in parallel to the SMJ320C10, SMJ320C15, SMJ320E 15, to any other digital signal 
processor or to external FIFO circuitry. 
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PRINCIPLES OF OPERATION 


operation of TLC32044M with internal voltage reference 


The internal reference of the TLC32044M eliminates the need for an external voltage reference and provides 
overall circuit cost reduction. Thus, the internal reference eases the design task and provides complete control 
over the performance of the IC. The internal reference is brought out to a pin and is available to the designer. 
To keep the amount of noise on the reference signal to a minimum, an extoniat capacitor may be connected . 
between REF and ANLG GND. 


operation of TLC32044M with external voltage reference 


The REF pin may be driven from an external reference circuit if so desired. This external circuit must be capable 
of supplying 250 yA and must be adequately protected from noise such as crosstalk from the analog input. 


reset 


A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast, 
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including the control 
register. After a negative-going pulse on RESET, the AIC will be initialized. This initialization allows normal serial 
port communications activity to occur between AIC and DSP (see AIC DX data word format section). 


loopback 


This feature allows the user to test the circuit remotely. In loopback, OUT+ and OUT- are internally connected 
to IN+ and IN—. Thus the DAC bits (d15 to d2), which are transmitted to DX, can be compared with the ADC bits 
(d15 to d2), which are received from DR. An ideal comparison would be that the bits on DR equal the bits on 
DX. However, in practice there will be some difference in these bits due to the ADC and DAC output offsets. 


The loopback feature is implemented with digital signal processor control by transmitting the appropriate serial 
port bit to the control register (see AIC DX data word format section). 
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OPERATIONAL AMPLIFIERS 


D3197, FEBRUARY 1989 — REVISED OCTOBER 1991 


available features 

e Supply Current... 230 pA Max e High Open-Loop Gain ... 6.5 V/uV 
(136 dB) Typ 

e High Unity-Gain Bandwidth ... 2 MHz Typ 

© High Slew Rate ... 0.45 V/us Min e Low Offset Voltage ... 100 pV Max 


e Supply Current Change Over Military Temp e Offset Voltage Drift With Time 


Range ... 10 uA Typ 0.005 pV/mo Typ 
e Specified for Both 5-V Single-Supply and ©. Cove Input Bias: CunRnt o..< 20 NA Mae 
+ 15-V Operation e Low Noise Voltage ... 19 nVNHz Typ 
e Phase-Reversal Protection 
description LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
The TLE2021M, TLE2021AM, and TLE2021BM VS 
devices are precision, high-speed, low-power FREQUENCY 
operational amplifiers using a new Texas 120 60° 


Typ loc = 200 pA 


| 
Phase Shift bain gh 
es RR Maas san 


Instruments patent-pending Excalibur process. 
These devices combine the best features of the 
OP21 with highly improved slew rate and unity- 
gain bandwidth. 


The complementary bipolar Excalibur process 
utilizes isolated vertical P-N-P transistors that 
yield dramatic improvement in unity-gain 
bandwidth and slew rate over similar devices. 


The addition of a patent-pending bias circuit in 


Ayp — Differential Voltage Amplification — dB 
e 
Ss. 
Wf 
" 
Bey 
% 
i 
Hee 
rs 
S 
¢ — Phase Shift 


° 
conjunction with this process results in extremely 
stable parameters with both time and 180° 
temperature. This means that a “precision” 
device remains a precision device even with bi cae 
changes in temperature and over years of use. 10 100 1k 10k 100k iM 10M 


This combination of excellent dc performance f— Frequency — Hz 

with a common-mode input voltage range that 

includes the negative rail makes these devices the ideal choice for low-level sine conditioning applications 
in either single supply or split-supply configurations. In addition, these devices offer phase-reversal protection 
circuitry that eliminates an unexpected change in output states when one of the inputs goes below the negative 
supply rail. 


A variety of available options includes small-outline and chip carrier versions for high-density systems 
applications. 


These devices are characterized for operation over the full military temperature range of —55°C to 125°C. 


AVAILABLE OPTIONS 


ead: 7 ee 
Vio max CHIP agg ee ae — 
AT 25°C CARRIER DIP 
(JG) 
—55°C | 100 mV TLE2021BMJG 
to 200 mV | TLE2021AMFK | TLE2021AMJG 
125°C | 500mV | TLE2021MFK | TLE2021MJG 


PRODUCTION DATA information is current as of publication date. Products ; j Copyright © 1991, Texas Instruments Incorporated 


conform to specifications per the terms of Texas Instruments standard 
warranty. Production processing does not necessarily include testing ofall 
parameters. 
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description (continued) 


JG PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 
OFFSET Ni[]1 LJ sf] NC 


IN — 7 Voc + 
IN+L]3 6] | OUT 
Voc —/GNDL}4 ~—s_ 55. | OF FSET N2 


NC — No internal connection 


mas } 
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R1 hee ror 
Pe K >. 

R4 
N1 

Rian: 


N2 Vec- /GND 


dye SVXAL 
nage 


S92SZ SYVX3SL SVTIVO « €0ESS9 XO 3DIS50 LSOd 
SLNAWNULSN] 
z Zz 
4 1 
oO 
= 
oe 
Ee : 
wo 
Sua 
ae 
NO 


NOISI94Yd Y4AMOd-MO1 G34dS-HIIH YNAlTWOXA 
W9LZOZATL VE ZOZS TL WE2023 11 


SUAS TdINY TWNOILWY4d0 


SS2-v 


TLE2021M, TLE2021AM, TLE2021BM 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supp -Voneoe, Vee. (Soe MOI 1) oscais c ss ean pbies Ch ewe tin Sains Wes eRe Ota Bee 20 V 
SDI VORAIG, ert AGOO PIU 1) eo ie Go tw ya ce pice Es cv yo ho no KE aah bo ee ee pn es 9S dielsss = -20 V 
Differdniial init: vonage -(s60- NN: 2) +. eee ee Sie 6 he es Bae Vee OG oe HL +0.6 V 
Input voltage, V\ (any input, see Note 1) .. 2 5. li ce ce ee tee ee cee cee eee eee nee Voc+ 
ce el age 5 1 it Gn rae is Sta ae er iape ee meme mer Pore: hampers tee ee rarear +1 mA 
act Be 1) We gery grace ern ens Boars Se meer hy yer aa ce eae eer a, pene +20 mA 
Total current into Voc. tGFMinal ... ee ee eres ewe eee ewes ong ees sleneee sence nee 20 mA 
TOlAl CONTON QUE OU Vere. TORTIE: 6c ee bk a ns dicate 8 tp Oe 4 maw pk Rp oe 8 eos 20 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3).......... 0... eee eee eee Unlimited 
RaIVE EERIE SU CON RN is ina in vn a's aces gs oe eae aw Med ow 20S a7 PD See Dissipation Rating Table 
Operating free-air temperature range, TA cece ce cee teens - 55°C to 125°C 
Poet MMII NCI TI 5 6 vein vce dvs as xi cd bess diva ae nL ins Sawada —65°C to 150°C 
Case tomperaiie tor GO gaconds: FK package... 24... ee Ns sek elitebrs bts oe ew Pees 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input 
voltage in excess of approximately + 600 mV is applied between the inputs unless some limiting resistance is used. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 
Ta S$ 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 


PACKAGE 


1375 mW 11.0 mW/°C 
1050 mW 8.4 mW/°C 


recommended operating conditions 


Supply voltage, Voc+ 


Common-mode input voltage, Vic Voc =5V 


Voc+ = 15V 


Operating free-air temperature, Ta 


EXAS 4 
INSTRUMENTS 


4-256 POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


I 


SLNAWNUALSN 


dye SYXAL 


$92SZ SVXAL ‘SVTIVG « E0ESS9 XOE 3DI440 1SOd 


LSe-¥ 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS Tat aoe a pacer ae UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 
__ 25°C 120 6 100 300 80 200 
Vio Input offset voltage — uV 
Full range ee eee ae 
Temperature coefficient of ; 
Input offset voltage long-term if 
| Input offset current Re RARE nA 
e a ee 
ge ea 
; Sanna hia cans aS SE RE “MN ea 
dike He NPR. A aT 
ge 


0 -0.3 


o 
| 
oO 
io) 


to to 
3.5 4 


— 
S 
S 


Common-mode input 
voltage range 


4 High-level output voltage 
L 


Vo 
Vo Low-level output voltage 


w 
oa 
> 


VICR 


0 -03 
25°C to to 
; 4 
Rs = 50 Q 
Full range 


| Full range | range 
Ry = 10 kQ 
g 0 
Full range 
Avp olabioei oe Vo = 14Vto4V, RL = 10kQ 
voltage amplification Full range 


eas Common-mode Wie = Vian tin; “Rg oso a5. tt 


rejection ratio Full range 


= Supply-voltage rejection Veo = 5V 10 30V 105s «12 
ratio (AVoc / AVio) Full range 
17 
loc Supply current 


Vo = 25, No load ihc 
A'CC operating temperature range 


Full range 
TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated to Tq = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vcc + = +15 V (unless otherwise noted) 


Vio Input offset voltage 


Temperature coefficient of 
VIO input offset voltage 

Input offset voltage long-term 

drift (see Note 4) 


lio Input offset current 
lip Input bias current 


25°C 
Common-mode input 


V 
ICR voltage range —15 
Full range to 
13.2 
y Maximum positive peak 14 14.3 
OM + : 
tput volta 
ou sa voltage cathe Fi Full range 
V Maximum negative peak -13.7 -—14.1 
OM — output voltage swing Full range | — 13.6 
Large-signal differential 
Avp ee Vo = £10V, = kQ 
voltage amplification Full range 
Common-mode 
CMRR Vic = V in, -Rg = SO 


Supply-voltage rejecti ae ee 
en upply-voltage rejection Voc 4 = £25Vtot15V 105 120 


ratio (AVoc +/ AVic) Full range 
25°C 200 300 
oe ae Full range 


Supply current change over Full 10 
AICC operating temperature range paints 
TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life testat T, = 150°C extrapolated to T, = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 
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operating characteristics at specified free-air temperature, Vcc = 5V,T, = 25°C 


PARAMETER 
SR Slew rate at unity gain Vo =1Vto3V, See Figure 1 Pees | Beas V/us 
Equivalent input noise f= 10 Hz Rees TS 
Yo voltage (600 Figure 2) — 
Poskto-peakequvalent | f-0iwtHe SSS Sr 
VN(PP) innit nol = 
put noise voltage f = 0.1 to 10 Hz 
ig eimai ee 
fe umpeenkaion. x ergnes ee 
%m Phase margin at unity gain See Figure 3 pee Sa sa 
operating characteristics at specified free-air temperature, Vcc + = +15 V 
Vis 
i ee eee a ee ee 
voltage (seo Figure2) [father 
7 Peakcto-peak equivalent : 
NEP) naitcolse volugh H 
Tg Eaulvalontingutnoisecurent | SSSSSSSSSS*d ana 
[By Uniy-gain bandwidth ‘| Seo Figues SSCS 
[ém Phase margin at unity gain | SeoFiguroS SCS awa 


TFull range is — 55°C to 125°C. 
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PARAMETER MEASUREMENT INFORMATION 


20 kQ 


Vo 


-15V 
30 pF 
(see Note A) 


30 pF 20 kQ 


20 kQ 
(see Note A) 


NOTE A: Cy includes fixture capacitance. 


(a) SINGLE SUPPLY (b) SPLIT SUPPLY 


Figure 1. Slew Rate Test Circuit 


10 kQ = Vv 


O 
100 Q 


(a) SINGLE SUPPLY (b) SPLIT SUPPLY 


Figure 2. Noise Voltage Test Circuit 


NOTE A: Cy, includes fixture capacitance. 


(a) SINGLE SUPPLY (b) SPLIT SUPPLY 


Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 
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PARAMETER MEASUREMENT INFORMATION 


0.1 pF Vo 


Vi 


- 15V 


10 kQ 30 pF 
(see Note A) 


L 30 pF 
(see Note A) 


NOTE A: Cy includes fixture capacitance. 


(a) SINGLE SUPPLY (b) SPLIT SUPPLY 
Figure 4. Small-Signal Pulse Response Test Circuit 


typical values 


Typical values presented in this data sheet represent the median (50% point) of device parametric performance 
of initial devices from three wafer lots used for characterization. 
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TYPICAL CHARACTERISTICS 


table of graphs 


Von: Low-level output voltage vs Low-level output current 
vs Temperature 


Vo(ep) Wain peal peak output votage sw 
Avp Differential voltage amplification vs Frequency 17 
vs Temperature 18 
los Short-circuit output current vs Supply voltage ee 
vs Temperature 
vs Temperature 
: es SSeS 
: Ae See 


CMRR =Common-mode rejection ratio 
a ee 


Small-signal 27, 28 
Pulse response : 
Large-signal 29, 30 
Varpp Peak-to-peak equivalent input noise voltage 0.1 to 1 Hz 
ll 0.1 to 10 Hz 


Vp___ Equivalent input noise voltage Sek ae eels Sa ee eee 


vs 
By Unity-gain bandwidth vs Supply voltage 
vs Temperature 


vs Supply voltage 36 
ém Phase margin vs Temperature 37 
vs Load capacitance 38 


Phase sit 
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Percentage of Units -% 


lig — Input Bias Current —nA 


| TLE2021M, TLE2021AM, TLE2021BM 
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TYPICAL CHARACTERISTICS 


DISTRIBUTION OF TLE2021M 
INPUT OFFSET VOLTAGE 


231 Units Tested From 1 Wafer Lot 


Vio — Input Offset Voltage — pV 
Figure 5 


INPUT BIAS CURRENT 


VS 
FREE-AIR TEMPERATURE 


INPUT BIAS CURRENT 
VS 
COMMON-MODE INPUT VOLTAGE 


Voc+ = +15V 


< 
c 
I 
Dad 
c 
® 
ess 
he 
5 
oO 
” 
a 
a 
we 
5 
2. 
£ 
I 
2 


ReeGr es 
SeeE'ie 
tela 


0 
~ 18," = 10 -5 0 5 10 15 
Vic — Common-Mode Input Voltage — V 


Figure 6 
INPUT CURRENT 


VS 
DIFFERENTIAL INPUT VOLTAGE 


cael Ty Tee 
Vic = 0 
Tor tte 


RBM B Re 
dt ee ee 
(Dik Mick ein 
PS 


| — Input Current — mA 


0 
-75 -50 -25 0 25 $0 75 100 125 0 O14 0.2 03 04 05 06 0.7 08 09 1.0 


Ta — Free-Air Temperature — °C 


Figure 7 


\Vip|— Differential Input Voltage - V 
Figure 8 
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TYPICAL CHARACTERISTICS 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
OUTPUT CURRENT FREE-AIR TEMPERATURE | 


| Vom|- Maximum Peak Output Voltage - V 
| Vom|— Maximum Peak Output Voltage — V 


-75 -50 -25 0 25 50 75 100 125 


|Iq| - Output Current - mA Ta —Free-Air Temperature — °C 
Figure 9 Figure 10 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
VS VS 
HIGH-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 


VOH — High-Level Output Voltage — V 
VOH — High-Level Output Voltage — V 


4 
-75 -50 -25 0 25 50 75 100 125 
lon — High-Level Output Current -mA Ta — Free-Air Temperature — °C 


Figure 11 Figure 12 
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VoL — Low-Level Output Voltage — V 


Vo(pp) — Maximum Peak-to-Peak Output Voltage — V 
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TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
LOW-LEVEL OUTPUT CURRENT 


0 0.5 1 1.5 2 2.5 3 
lo, — Low-Level Output Current - mA 


Figure 13 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS 
FREQUENCY 


4 AACA TH 


es Nil 


100 1k 10k 100 k 1M 
f — Frequency — Hz 


Figure 15 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
FREE-AIR TEMPERATURE 


0.75 


0.5 


0.25 


Vo — Low-Level Output Voltage — V 


0 
-75 —-50 —25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


Figure 14 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS 
FREQUENCY 


mime MU | 
Ue A 
a a A 
RAN BL! 


| SLL 
10k 100 k 1M 
f — Frequency — Hz 


30 


a 


20 


15 


10 


VocPP) — Maximum Peak-to-Peak Output Voltage — V 


Figure 16 
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TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT AMPLIFICATION 
VS VS 
FREQUENCY FREE-AIR TEMPERATURE 


60° 10 


100 80° 


mee Phase Shift wien 
Saas 
con 
aie Se, 
ae. Wi 
CON 


100 


Voc+ = +15V 


ee Tomer 
ge: 


120 


Ayp — Differential Voltage Amplification — dB 
Phase Shift 
Ayp — Differential Voltage Amplification — V/LV 


180° 
MN 200" 0 
10 100 1k 10k 100k iM 10M -75 -50 -25 100 125 
f — Frequency — Hz Ta- ti Air ci owl ~ = 
Figure 17 Figure 18 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS Vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


los — Short-Circuit Output Current —- mA 
los — Short-Circuit Output Current -mA 


Wis ny a Seon a Voc — Supply Voltage - V 
Figure 19 Figure 20 
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los — Short-Circuit Output Current -mA 


loc — Supply Current — pA 
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-12 
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TYPICAL CHARACTERISTICS 


SHORT-CIRCUIT OUTPUT CURRENT 
VS 
FREE-AIR TEMPERATURE 


Vcc + = t 15 V 
Vo = 0 


los — Short-Circuit Output Current- mA 
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SHORT-CIRCUIT OUTPUT CURRENT 
VS 
FREE-AIR TEMPERATURE 


-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
Figure 21 Figure 22 
SUPPLY CURRENT SUPPLY CURRENT 
vs VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vo = 0 
No Load 


loc — Supply Current — pA 
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0 2 6 8 a0 oe. -75 -50 -25 0 23. $0 75.3 108-125 
Voc +|- Supply Voltage — V Ta — Free-Air Temperature — °C 
Figure 23 Figure 24 
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TYPICAL CHARACTERISTICS 
COMMON-MODE REJECTION RATIO SLEW RATE 
VS VS 
FREQUENCY FREE-AIR TEMPERATURE 

ee) 

a) 

I 

= 

io 

cx 

© “ 

2 t 

© > 

a i 

S © 

$ é 

= 5 

c 7) 

2 

E 7 

8 

M Ry = 20kQ 

= Ci = 30 pF 

mt 4 See Figure 1 

10 100 1k 10k 100k 1M 10M -75 -50 -25 0 25 50 75 100 125 
f — Frequency — Hz Ta —Free-Air Temperature — °C 
Figure 25 Figure 26 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL SMALL-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


Vo — Output Voltage — mV 
Vo — Output Voltage —V 


t- Time —s : t- Time —-ps 


Figure 27 Figure 28 
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Vo — Output Voltage — V 


put Noise Voltage — .V 


eak-to-Peak Equivalent In 


VN(PP) -P 
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VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


Vo — Output Voltage - V 


OPERATIONAL AMPLIFIERS 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


t- Time —-ps 
Figure 29 Figure 30 
PEAK-TO-PEAK EQUIVALENT PEAK-TO-PEAK EQUIVALENT 
INPUT NOISE VOLTAGE INPUT NOISE VOLTAGE 

0.1 TO 1 Hz 0.1 TO 10 Hz 
0.5 
vfrescee] TT TTT 
0 Oey eda 
i pai 
i @ 


eak-to-Peak Equivalent Input Noise Voltage — p1.V 
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- 
Sy 


So 
NO 
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Figure 32 
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TYPICAL CHARACTERISTICS 
EQUIVALENT INPUT NOISE VOLTAGE UNITY-GAIN BANDWIDTH 
VS VS 
FREQUENCY SUPPLY VOLTAGE 
200 


RL 


E 
= CL 
> = - 
<= 160 = A 
= 
© 
D 
Ss c 
3 120 3 
3 a 
od Cc 
} eee 
2 e : 
os = 
5 = 
= 5 
‘= i 
= 40 a 
i 
c 
> 
0 
1 10 100 1k 10k 0 2 2 6 8 10 12 14 16 
f — Frequency — Hz Voc +|- Supply Voltage — V 
Figure 33 Figure 34 
UNITY-GAIN BANDWIDTH PHASE MARGIN 
VS VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
Ry = 10kQ 
Ci = 30pF 
= : Ta = 25°C 
r o See Figure 3 
£ D 
3 2 
z I 
& 
5 D 
m o 
£ = 
oO ® 
” 
4 s 
z a 
5 I 
1 £ 
a. oe 
m 
0 
-75 -—-50 —-25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16 
Ta — Free-Air Temperature — °C Vcc +|- Supply Voltage - V 
Figure 35 Figure 36 
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TYPICAL CHARACTERISTICS 


PHASE MARGIN PHASE MARGIN 
VS VS 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
fe i a cm 
Cy = 30 pF Ta = 25°C 

ss See Figure 3 ae Yoos & £15¥ 2 See Figure 3 
: : 

D oD 
5) S 

1 i 
£ £ 

S) D 

i] © 
= = 

© rn) 

% % 
a a 

1 1 

E E 

s e 

-75 -50 -25 0 23° 50 75 100-125 
Ta — Free-Air Temperature — °C C,_ — Load Capacitance — pF 
Figure 37 Figure 38 


APPLICATION INFORMATION 


voltage-follower applications 


The TLE2021M circuitry includes input protection diodes to limit the voltage across the input transistors; 
however, no provision is made in the circuit to limit the current if these diodes are forward biased. Note that 
this condition can occur when the device is operated in the voltage-follower configuration and driven with a 
fast, large-signal pulse. It is recommended that a feedback resistor be used to limit the current to a maximum 
of 1 mA to prevent degradation of the device. Also, remember that this feedback resistor will form a pole with 
the input capacitance of the device. For feedback resistor values greater than 10 kQ, this pole will degrade 
the amplifiers phase margin. This problem can be alleviated by adding a capacitor (20 pF to 50 pF) in parallel 
with the feedback resistor (see Figure 39). 


Cre = 20to 50 pF 
oo if Ss 1mA 


Vi 


+ 
Vcc - 


Figure 39. Voltage Follower 
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APPLICATION INFORMATION 
input offset voltage nulling 
The TLE2021M series offers external null pins that can be used to further reduce the input offset voltage. The 


circuit shown in Figure 40 can be connected as shown if this feature is desired. If external nulling is not needed, 
the null pins may be left disconnected. 


x 


Vec — (Split Supply) 
1kQ GND (Single Supply) 


Figure 40. Input Offset Voltage Null Circuit 
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D3264, MAY 1989 —- REVISED OCTOBER 1991 


available features 
e Supply Current ... 500 wA Max e High Open-Loop Gain ... 10 V/yV (140 dB) Typ 
e High Unity-Gain Bandwidth ... 2.8MHzTyp e@ Low Offset Voltage ... 150 nV Max 
e High Slew Rate ... 0.45 V/us Min - @ Offset Voltage Drift With Time 
e Supply Current Change Over Military Temp 0.005 pine Typ 
Range... 37 pA Typ e Low Input Bias Current ... 50 nA Max 
e Specified for Both 5-V Single-Supply and e LowNoise Voltage ... 19 nVWHz Typ 
+15-V Operation atf = 10 Hz 
e Phase-Reversal Protection 
description LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
The TLE2022M, TLE2022AM, and TLE2022BM AMPLIFICATION and PHASE SHIFT 
devices are precision, high-speed, low-power VS 
operational amplifiers using Texas Instruments FREQUENCY 
patent-pending Excalibur process. These 120 


devices combine the best features of the OP221 
with highly improved slew rate and unity-gain 
bandwidth. 


The complementary bipolar Excalibur process 
utilizes isolated vertical P-N-P transistors that 
yield dramatic improvement in_ unity-gain 
bandwidth and slew rate over similar devices. 


@ — Phase Shift 


The addition of a patent-pending bias circuit in 
conjunction with this process results in extremely 
stable parameters with both time and 
temperature. This means that a “precision” 
device remains a precision device even with 
changes in temperature and over years of use. 


This combination of excellent dc performance ee ee = _ age bo 
with a common-mode input voltage range that Diba racks Spi 
includes the negative rail makes these devices 


Ayp — Differential Voltage Amplification — dB 


AVAILABLE OPTIONS 
ea ae 


AT 25°c| CARRIER 
(FK) ‘ee 
—55°C | 150 pV TLE2022MJG 
300 nV | TLE2022AMFK | TLE2022AMJG 
one 500 nV | TLE2022MFK | TLE2022BMJG 


PRODUCTION DATA informationis currentas of publication date. Products Copyright © 1991, Texas Instruments Incorporated 
conform to specifications per the terms of Texas Instruments standard j On all products compliant to MIL-STD-883, Class B, all 
warranty. Production processing does not necessarily include testing of all parameters are tested unless otherwise noted. On all other 
parameters. 


products, production processing does not necessarily include 


INSTRUM ENTS testing of all parameters. 
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description (continued) 
the ideal choice for low-level signal conditioning applications in either single-supply or split-supply 


configurations. In addition, these devices offer phase-reversal protection circuitry that eliminates an 
unexpected change in output states when one of the inputs goes below the negative supply rail. 


Availiable packaging options include small-outline and chip-carrier versions for high-density systems 
applications. | 
These devices are characterised for operation over full military temperature range of —55°C to 125°C. 


JG PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


10ouT[]1 U sf vec, 
1IN-[]J2 7[]2O0UT 
1IN+LJ3 6 | 2IN- 
Voc —/GNDLJ4 ss SU 2 IN+ 


NC — No internal connection 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Bupply Vonage: Vor {SCO TIMNG Ty eee Vo ede three ce Rec caw re Wa ae se ep meek twee geo 20 V 
Sy MOOG, Mie (BOG HOI 1) oe oe ee ES Pda ets wae toes eee nh ewe Sea ee REN Sas -—20 V 
Direrenuarinpul Vouace fare (660-NGIO 2) so... ine oe ns Silene pie ae Ont sed vec eked +0.6 V 
input voltage range, V; (any inpul, see'Notel) oie ee re ees Voc— to Vec4 
SaERAT GAIT tM, APU HE yes. s nige bc Wes ohh yew AGN o 48 «46 igh ets ea we hy EE aa es pe ORES +1 mA 
ei ENE, Tee LO OEMS SN eis a a dia'e aw ace ogete 69 o> 0 Dee DRE a 64 9)y Rime wos ee a oy +30 mA 
Te OUTST NY Og AUIS Behn pies ee bebe ee An tp ee ve Spey § Pe eh e ee Cpa an oes 80 mA 
ghee tps be NB eu SEE: |) | aa oe era reer ane arate ge Riese raee eres nner eer crare rani Aor evar far 80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) .............. cee eee eee eee unlimited 
SE BETES Po 01 RR PR ts aga a? PA See Dissipation Rating Table 
Operating 1ree-all 1GMDGTatre TANGO Tg ws i eee eee wacieeens ee eghes ¢ tem —55°C to 125°C 
SE ee Rog wane ge 6 ee er eae SS ae UST ew RT ESL EN ee eo -—65°C to 150°C 
Case tomporauire tor Go Seconds: FR: DaCKaGe oon ec se eee ehivee se abe ine dee wae ke dae 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc 4 and Voc _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input 
voltage in excess of approximately + 600 mV is applied between the inputs unless some limiting resistance is used. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta $ 25°C DERATINGFACTOR ‘Ta = 70°C Ta = 85°C Ta = 125°C 
POWERRATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 


PACKAGE 


1375 mW 11 mW/°C 880 mW 715 mW 275 mW 
1050 mW 8.4 mW/°C 672 mW 546 mW 210 mW 


recommended operating conditions 


EEE SS ee Te a es Cees SE 
Supply voltage, Voo+ t2 


Voc+ = +15V 


Operating free-air temperature, Ta 


Common-mode input voltage, Vic 
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electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS Tat TLE2022M TLE2022AM 
MIN TYP MAX MIN TYP MA 
Vio Input offset voltage 


Temperature coefficient of 
“VIO input offset voltage 


Input offset voltage long-term 
drift (see Note 4) 

lo Input offset current 

TT) Input bias current 


TLE2022BM 
MIN TYP MAX 


pVv/°C 


= 
< 
= 
re) 


TFull range is — 55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated to Ta = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 


0 -0.3 0 -03 0 -03 
25°C to to to to to to 
Common-mode input 3.5 4 3.5 4 3.5 4 
rt VICR Vv 
g 7] voltage range 
re} Full range 
Ee S 
< 
g a Vici * HegiHaull: cleavage Rie ed SS, BON SOS eC. DS 5, SER Rees Olio” ea he 
ES eet cee ee ee a 
:< Se Pe ORE | 07 08 07 08 = 
ae eure. eet ee = 
72) ° ° ° 
d RG SRE Fa "a 0 ae aa a 
# - & rae Large-signal differential Vig « 1ANOSY, Pile 10kO unt 
: voltage amplification ee ee oe a eS = 
“mode : oe ee ee ee ee 
; aes Common mo i: Ce ee 85 100 87 102 90 105 5° 
rejection ratio 2 Ee eee Se ae oe a ” 
ye Suppiy-vortage rejection Voc = 5V 10 30V Be. i Be a eee 103-118 105 120 Bi 
rato (AV¢¢ +/ AVio) pearl os Se ee ee : 
25°C 400 500 400 600 a 
oo, Suh eect a 5 
Vo = 2.5 V, No load om | 
Supply current change over = 
Alcc ; Full range 37 37 37 
operating temperature range | “ej 
© 
= 
am © | 
© 
rr 
3 
= 
= 


SHAS NY TWNOLLWddd0 IWNG 
WE2Z202d IL ‘WV220Z29 11 W22023 11 


Lle-v 


8le-V 


I 


SLINAWNULSN 


dy SUAL 


$92S2 SVXAL ‘SVTIVO - E0ESS9 XOE 3DIS4O 1SOd 


electrical characteristics at specified free-air temperature, Vcc + = +15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS Tat TLE2022M TLE2022AM TLE2022BM 
MIN TYP MAX | MIN TYP MAX | MIN. TYP MAX 


Vics’) ipl ceuet Witenes ee ae 120 300 LOSI 
oS ic sl OE SE nee RE 
Temperature coefficient of Ful vec 
®VIO input offset voltage Teenere. B 
Input offset voltage long-term 25°C 0.006 0.006 0.006 v/ 
drift (see Note 4) sags 
| Input offset current Rit. thet eS, eS SS SRS GRR 
oe 
eae Wa a es ee) ys oo kee 
ee ee ee tees saan MOR 3355 3050 
Pei oe ek eee 


—-15 -—15.3 —-15 -15.3 —-15 -—15.3 
25°C to to to to to to 
Rg = 502 13.5 14 13.5 13,5 14 


y Common-mode input 14 
ICR voltage range -15 — 15 — 15 
Full range to to to 
13.2 13.2 13.2 
Maximum positive peak 25°C 14 14.3 14 14.3 
es positive p pga ‘ 
output voltage swing Full range 
: Ry = 10 kQ 
i Maximum negative peak -13.7 —14.1 -13.7 -14.1 —13.7 —14.1 fi 
OM output voltage swing Full range 
Large-signal differential EARS RRS eels ale SRS AAS A RE 
Avp odin CGR r Vo = +10V, Pye tok Lane | “e : z 
voltage amplification Full range a, AUR AER SRL GIRS) © TR Ra 
Common-mode , Site ae DORNER ec Ratan ier. MER mae 
cmAR Common-m Ro Veen. Re bos 95 106 97 109 100 112 
rejection ratio aes a oo ee ee ee 
Supply-voltage rejection 100 115 103-118 105 120 
k Voc + = +2.5Vtot15V 
as GN os ae Fullrange | 95 
470 470 60 470 


loc Supply current 


Sua kL... 5 oN. CRM Gee 
TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life testat T, = 150°C extrapolated to Ty = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 


Supply current change over 


Alcc operating temperature range 


< & 
= = 


SYAISITdINY TWNOILWY4d0 TWANG 


NOISI9SUd YAMOd-MO1 G44d$-HOIH YN IWOXI 
E2202 IL WV2Z0ZA TL WWZ2024 1 


$92SZ SVX3L ‘SVTIVG * E0ESS9 XOE 30IS40 LSOd 


62e-¥ 


I 


SLINAWNALSN 


dy SYXAL 


operating characteristics, Vcc = 5 V, Tag = 25°C 
TLE2022M TLE2022AM TLE2022BM 
+ ciioavicais TLE | 


Gia (ieee je oe Oe Ps ee ee 
Ade: 
Poasopekeqheen [Te Oimene Oe ae ee 
YN(PP) input noise voltage wii | <a. eee a ee ee 
fh: Eeieetimtpuetoet | 8 2 fn | pei a ee 

17 
See Figure 3 a7 


operating characteristics at specified free-air temperature, Vcc + = +15 V 


ibe 

Se eg on 0.45 0.65 
fam) 64." | ae a 

y_ Equivalent input noise [oi eee 3, Uy RY ee RK UR 

N voltage (see Figure 2) ewe fick oo ome eo SNe ol ee a ode fe ce eee 
Pakepeckequent.°|T-Olbilk fe ae |. ose. | = oe | ae 

i aemewot |. 1. .. cpa t,t. | @, at. |. ero 

ej. Unydanbendeeit. | SeetgueS. - —=S=sié=“CS;s*é‘r RS ewe | eel eee dee ee 


om Phase margin at unity gain See Figure 3 


TFull range is — 55°C to 125°C. 
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PARAMETER MEASUREMENT INFORMATION 


20 kQ 


Vo 


-15V 
30 pF 
(see Note A) 


30 pF 20 kQ 


20 kQ 
(see Note A) 


NOTE A: C; includes fixture capacitance. 


(a) SINGLE SUPPLY (b) SPLIT SUPPLY 


Figure 1. Slew Rate Test Circuit 


10 kQ 
10 kQ al Vo 
100. Q -15V 
100.2 100 Q 
1002 


(a) SINGLE SUPPLY 


(b) SPLIT SUPPLY 
Figure 2. Noise Voltage Test Circuit 


30 pF 10 kQ 
(see Note A) 


NOTE A: C; includes fixture capacitance. 
(a) SINGLE SUPPLY 


(b) SPLIT SUPPLY 
Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 
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PARAMETER MEASUREMENT INFORMATION 


- 15V 


= 30 pF 10 kQ . 30 pF 
(see Note A) (see Note A) 


10 kQ 


NOTE A: C; includes fixture capacitance. 
(a) SINGLE SUPPLY (b) SPLIT SUPPLY 


Figure 4. Small-Signal Pulse Response Test Circuit 


typical values 


Typical values presented in this data sheet represent the median (50% point) of device parametric performance. 
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TYPICAL CHARACTERISTICS 


table of graphs 


Vio _Input offset voltage 


‘ vs Common-mode voltage 6 
lip Input bias current 
vs Temperature 7 


I Input current vs _ Differential input voltage Sees TS Fee 


s Di —- 
VOM Maximum peak output voltage : oe 
s Temperature 
Vou High-level output voltage s High-level output current 
Temperature 
S = 
s 
iS 
S 


Vo(PP) Maximum peak-to-peak outputvoltage swing | vs Frequency | 5G 


Vv 
Vv 
Vv 
vs 
vs Temperature 
vs 
: 
vs Temperature 18 
a owen | eee 
vs Temperature 
ae a 65) Oe | 
vs Temperature 
| _CMRR  Common-moderejectionratio «| vs “Frequency = | 
Sle: a” ae ee aera ae 20" ee ae eee 
Large-signal 29, 30 
0.1 to 1 Hz 
0.1 to 10 Hz 


Vn___ Equivalent input noise voltage ST a cies ey 


By Unity-gain bandwidth vs Supply voltage 
vs Temperature 


VN(PP) Peak-to-peak equivalent input noise voltage 


vs Supply voltage 36 
bm Phase margin vs Capacitive load 37 
vs Temperature 38 


Phase shit 
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Percentage of Units —- % 


lig — Input Bias Current-—nA 
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TYPICAL CHARACTERISTICS 


TLE2022M 
TLE2022M INPUT BIAS CURRENT 
DISTRIBUTION OF vs 
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE 


20 


398 Amplifiers Tested From 1 Wafer Lot Voco+ = +15V 


16 


lig — Input Bias Current — nA 


a 


-600 -400 -20 0 200 400 600 - 15 - 10 -5 0 5 


10 15 
Vio — Input Offset Voltage — 1.V Vic — Common-Mode Input Voltage —- V 
Figure 5 Figure 6 
TLE2022M 
INPUT BIAS CURRENT INPUT CURRENT 
vs vs 
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE 


I — Input Current - mA 


-75 -50 -25 0 25 50 75 100 125 0 O14 0.2 03 04 0.5 06 0.7 08 0.9 1.0 
Ta — Free-Air Temperature — °C lVip|- Differential Input Voltage — V 
Figure 7 Figure 8 
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TYPICAL CHARACTERISTICS 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
OUTPUT CURRENT FREE-AIR TEMPERATURE 


Vom— Maximum Peak Output Voltage — V 
Vom — Maximum Peak Output Voltage — V 


0 2 4 6 8 10 12 14 -75 -50 -25 0 25 SO 75 100 125 
[lo] - Output Current - mA Ta — Free-Air Temperature — °C 
Figure 9 Figure 10 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
VS vs 
HIGH-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 


4.8 


4.6 


4.4 


oeencal 


4.2 


Von — High-Level Output Voltage — V 
VOH — High-Level Output Voltage — V 


4 


0 -2 ~S -6 -8 -10 -75 -50 -—25 100 125 
loH — High-Level Output Current -mA Ta- mesa ey i 
Figure 11 Figure 12 
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VoL — Low-Level Output Voltage — V 


Vo(PP) ~ Maximum Peak-to-Peak Output Voltage — V 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 


0.75 


0.5 


0.25 


VoL — Low-Level Output Voltage — V 


0 0.5 1 1.5 2 2.5 3 -75 -50 -25 0 25 S50 75 100 125 
lo_ — Low-Level Output Current -mA Ta — Free-Air Temperature — °C 
Figure 13 Figure 14 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs Vs 
FREQUENCY FREQUENCY 


30 


mimes MUU 
SUT Tl 
ee 
CUA ANU i 

ae 
MUN 


25 


te 
\ 

Voc = 5V \ 

Ri = 10 kQ 

Ta Z 25% SII 


20 


15 


10 


Ry = 10 kQ 


Vo(PP) ~ Maximum Peak-to-Peak Output Voltage - V 


Ta = 25°C 
0 
100 1k 10 k 100 k 1M 100 1k 10 k 100 k 1M 
f — Frequency — Hz f —- Frequency — Hz 
Figure 15 Figure 16 
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TYPICAL CHARACTERISTICS 
TLE2022M TLE2022M 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION and PHASE SHIFT AMPLIFICATION 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 
120 60° 
See ie ee 
1 100 SX 80° + 
gia : 
es ES, re Bs SE aS ‘aa 8 
= + Voc+ = +15V ae = = 
£ \\ 7} 3 
_ ; 120° 8 < 
Ho o ® 
Wat 
° = 
> 140° ! o 
5 2 e 
E 160 E 
= oO 
180° 
Q 
g 2 
J 200° 
10k 100k 1M 10M ~75 —~5§0 -25 0 2 50° 75 100 125 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 17 Figure 18 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
Vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
< < 
E a 
Pe ~ 
5 5 
o S) 
3 3 
& Ly 
=] =] 
fe) ‘e) 
3 re} 
<£ <= 
”) ” 
! ! 
Y”) 2) 
2 2 
0 2 4 6 ie |: as ee eae | -75 -50 -25 0 25 50 78 100-- 125 
Voc +|- Supply Voltage — V Ta — Free-Air Temperature — °C 
Figure 19 Figure 20 
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TYPICAL CHARACTERISTICS 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS Vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vip = —100 mV 
Vo = 5V 


los — Short-Circuit Output Current —- mA 


-75 -50 -25 0 20... A, .do ee 125 


Voc — Supply Voltage — V Ta — Free-Air Temperature — °C 
Figure 21 Figure 22 
SUPPLY CURRENT SUPPLY CURRENT 
Vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


500 


400 
2 2 
i | 
= = 
£ 300 2 
5) 5 
- = 
: : 
gq 200 F 
I | 
oO 
8 8 
: Bhar 
0 
0 2 4 6 8 19°). 12°. 44. 46 -75 -50 -25 0 23... 50 75. 300. 125 
Voc +| — Supply Voltage — V Ta — Free-Air Temperature — °C 
Figure 23 Figure 24 
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TYPICAL CHARACTERISTICS 
TLE2022M 
COMMON-MODE REJECTION RATIO SLEW RATE 
vs Vs 
FREQUENCY FREE-AIR TEMPERATURE 


CMRR — Common-Mode Rejection Ratio — dB 


10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz 


Figure 25 


VOLTAGE-FOLLOWER 
SMALL-SIGNAL 


PULSE RESPONSE 
100 
Voc+ = +15V 
Ry = 10kQ 
Ci = 30 pF 
50} Ta = 25°C 


Vo — Output Voltage —- mV 
Oo 


t- Time — Us 


Figure 27 


SR — Slew Rate - V/s 


Vo — Output Voltage — V 


0.8 


0.6 


0.4 


0.2 


Ry = 20 kQ 
Cy, = 30 pF 
See Figure 1 


0 
-75 -50 -25 0 25 50 $75 100 125 


Ta — Free-Air Temperature — °C 


Figure 26 


VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 


t- Time —ps 


Figure 28 


EXAS 4 
INSTRUMENTS 


4-288 POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Vo — Output Voltage - V 


VN(PP) — Peak-to-Peak Input Noise Voltage — pV 
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TYPICAL CHARACTERISTICS 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


Voc+ = +15V 


t- Time — ps 
Figure 29 
PEAK-TO-PEAK EQUIVALENT 


INPUT NOISE VOLTAGE 
0.1 TO 1 Hz 


ed Bi eeesee ee 
oo een BR TS EP 
Sean vTAL dleadleliahke 


2 3 4 5 6 7 8 9 10 
t-—Time-s 


Figure 31 


Vo — Output Voltage - V 


VN(PP) — Peak-to-Peak Input Noise Voltage — pV 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 


Figure 30 
PEAK-TO-PEAK EQUIVALENT 
INPUT NOISE VOLTAGE 
0.1 TO 10 Hz 
0.5 
Mecaaetev | | te 
PY led 


TA = 25°C 


4 5 6 7 8 a 1 
t-—Time-s 


Figure 32 
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V, — Equivalent Input Noise Voltage — nV/VHz 


B, — Unity-Gain Bandwidth — MHz 


200 


160 


120 


80 


40 


0 
1 


0 
-75 -50 -25 0 25 50 75 100 125 


TYPICAL CHARACTERISTICS 


EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 


Oi 
TTI, 
ee 
Notes 


Rg = 1002 
Ta = 25°C 
See Figure 2 


f — Frequency — Hz 
Figure 33 
UNITY-GAIN BANDWIDTH 


Vs 
FREE-AIR TEMPERATURE 


Ry = 10kQ 
CL = 30 pF 
See Figure 3 


Ta — Free-Air Temperature — °C 


Figure 35 


100 1k 10k 


B, — Unity-Gain Bandwidth —- MHz 


¢?m — Phase Margin — degrees 


UNITY-GAIN BANDWIDTH 
vs 
SUPPLY VOLTAGE 


Rp = 10kQ 
Cy = 30 pF 
Ta = 25°C 

See Figure 3 


2 ss 6 8 es > eee | I | 
Voc +|- Supply Voltage - V 


Figure 34 


PHASE MARGIN 
vs 
SUPPLY VOLTAGE 


Ry = 10kQ 
Cy = 30 pF 
Ta = 25°C 

See Figure 3 


2 4 6 8 1] te 4 416 
Voc +| — Supply Voltage — V 


Figure 36 


TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS 


PHASE MARGIN PHASE MARGIN 
vs vs 
LOAD CAPACITANCE FREE-AIR TEMPERATURE 

Ry = 10kQ 

Ta = 25°C 

See Figure 3 
” 1] 
® ® 
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-75 -50 -25 0 25- 50. 75 “100. 125 
C,_ — Load Capacitance — pF Ta — Free-Air Temperature — °C 
Figure 37 Figure 38 


APPLICATION INFORMATION 


voltage-follower applications 


The TLE2022M circuitry includes input protection Ce = 20to 50 pF 

diodes to limit the voltage across the input ‘ Ip <1mA 
transistors; however, no provision is made in the 

circuit to limit the current if these diodes are 

forward-biased. Note that this condition can occur 

when the device is operated in the voltage- 

follower configuration and driven with a fast, large- KS 
signal pulse. It is recommended that a feedback 

resistor be used to limit the current to a maximum 
of 1 mA to prevent degradation of the device. Vec - 

Also, remember that this feedback resistor will Figure 39. Voltage Follower 

form a pole with the input capacitance of the 

device. For feedback resistor values greater than 10 kQ, this pole will degrade the amplifier’s phase margin. 
This problem can be alleviated by adding a capacitor (20 pF to 50 pF) in parallel with the feedback resistor 
(see Figure 39). 


Vo 
V\ 


input characteristics 
The input of any unused amplifiers should be tied to ground to avoid possible oscillation. 
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TLE2024M, TLE2024AM, TLE2024BM 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


D3265, MAY 1989 — REVISED OCTOBER 1991 


available features 


e Supply Current ... 1mA Max High Open-Loop Gain ... 7 V/V (137 dB) Typ 


e High Unity-Gain Bandwidth ... 2.8MHz Typ - e Low Offset Voltage ... 500 pV Max 


e High Slew Rate ... 0.45 V/us Min e Offset Voltage Drift With Time 
e Supply Current Change Over Military Temp 0.005 nV/mo Typ 
Range ... 50pnATyp e Low Input Bias Current ... 50 nA Max 
e Specified for Both 5 V/Gnd and +15 V e Low Noise Voltage ... 19 nV/VHz Typ 
Operation at f = 10 Hz 
e Phase-Reversal Protection 
description LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION and PHASE SHIFT 
The TLE2024M, TLE2024AM, and TLE2024BM VS 
devices are precision, high-speed, low-power FREQUENCY 
operational amplifiers using Texas Instruments 120 


patent-pending Excalibur process. These 
devices combine the best features of the OP421 
with highly improved slew rate, unity-gain 
bandwidth, and input offset voltage. 


Typ loc = 235 pA/amplifier 


IN | | 
ge PHASE SHIFT 


The complementary bipolar Excalibur process 
utilizes isolated vertical P-N-P transistors that 
yield dramatic improvement in_ unity-gain 


bandwidth and slew rate over similar devices. 40 


@ — Phase Shift 


The addition of a patent-pending bias circuit in 
conjunction with this process results in extremely 
stable parameters with both time and 
temperature. This means that a “precision” 
device remains a precision device even with 
changes in temperature and over years of use. 


th 
oO 


o 


Ayp — Differential Voltage Amplification — dB 


I 
nN 
Oo 


10 100 1k 10k 100k 1M 10M 
This combination of excellent dc performance f - Frequency — Hz 


with a common-mode input voltage range that 


AVAILABLE OPTIONS 


PACKAGE 


Vio max ten CERAMIC 
AT 25°C CARRIER DIP 
ten (J) 


— 55°C | 500 pV TLE2024BMJ 
to 750 pV | TLE2024AMFK | TLE2024AMJ 
125°C | 1000 pV | TLE2024MFK TLE2024MJ 


PRODUCTION DATA is information currentas of publicationdate. Products 

conform to specifications per ~ vapor of apd eink ae yolk ep ‘: 43 
warranty. Production processing does not necessarily include testing ofa Ti 

parameters. I EXAS 
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TLE2024M, TLE2024AM, TLE2024BM 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


description (continued) 


includes the negative rail makes these devices the ideal choice for low-level signal conditioning applications 
in either single-supply or split-supply configurations. In addition, these devices offer phase-reversal protection 
circuitry that eliminates an unexpected change in output states when one of the inputs goes below the negative 
supply rail. 


A variety of available packaging options includes small-outline and chip carrier versions for high-density 
systems applications. 


The M-suffix devices are characterized for operation over the full military temperature range of —55°C to 


125°C. 
FK PACKAGE J PACKAGE 
(TOP VIEW) (TOP VIEW) 
CS = | 1ouTi1 | Jia 
ZO00Z _] 4 OUT 
ewer zdied 1IN-| }2 13] | 4IN- 
1IN+(]3 12] 4IN+ 


Voc + L}4 TTL! Voc —/GND 


4 18 
1IN+[ | 4 IN + 2IN+[15  101]3IN+ 
Nc {]5 17}] NC 
2IN-—[]6 9} |3IN- 
Vec + [16 16] Voc —/GND 20uT[|7 _—8{ 3 ouT 
NC |]7 15/} NC 
2IN+]/8 14/] 3IN+ 
9 
IrEFOkE | 
— — 
z23-=22z 
N a oo © 


NC — No internal connection 
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TLE2024M, TLE2024AM, TLE2024BM 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
: QUAD OPERATIONAL AMPLIFIERS 


equivalent schematic (each amplifier) 


Q39 
Q40 


a ee 
aa 
]] 
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if Lie 

ati 
Pe lp: 
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Voo «+ 
pa 
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ee 
Q13 
Z 
Voc — /GND 


Q9 
R4 
R5 
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[= 
—— 
Q5 Q8 
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i. 
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TLE2024M, TLE2024AM, TLE2024BM 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


RV ASRS Eh cig Sunes A en RSs SD aT Tg EE ORE TTS TAREE ST IA SIE DE ANE SPCC SEE ASTD IE, 


absolute maximum ratings over operating free-air temperature range 


Supply voltage, Vocy (See Note 1)... 0... eee eee eee te eee nett eee eee nnes 20 V 
Supply voltage, Voc. (see Note 1)... eke eee ccc eee tee eee teen ene e tere ee ners -20 V 
Differential input voltage (see Note 2)... iia. cn acc eee e meee topes neews +0.6 V 
Input voltage, V; (any input, see Note1).... 2.0.6... eee eee eee ee eee eens Vec+ 
Input Cutreniy 1 (Gach TAU 80. | nies dice oy oe tein ope a en gd ea eS ewes here e se Chien +1 mA 
Output current, Io (each Output)... 6... eect eee ree eee renee ence ence ee enees +40 mA 
Total current into Voc4 terminal... 2... eee ee eee rece tenet ene ene e ene eeees 80 mA 
Total current out of Voc— terminal .... 6... ee ec cece eee ee ree etter eee tee eeeees 80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)...............e eee eee eee unlimited 
PR IPATI Le eo oss venience ew hoe 9 6s Si ne store Rpg Ee Fe 6 8a see See Dissipation Rating Table 
Operating free-air temperature range,TA cece eee e eee ee ees -55°C to 125°C 
Static 1Olmeratre tANGOG oes oa cn es ba Vg a ew woes eee eee sad eee -—65°C to 150°C 
Case lempeiaiiie C60 secouts: FIR DaCkaee 5 ow lb di eas caps ew fh ceed eas cae 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ................4-. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc , and Voc _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input 
voltage in excess of approximately + 600 mV is applied between the inputs unless some limiting resistance is used. 
3. The output may be shorted to either supply. Temperature and/or supply voltages mustbe limited to ensure that the maximum dissipation rating 
is not exceeded. 


DISSIPATION RATING TABLE 
Ta $ 25°C DERATINGFACTOR Ta=70°C Ta=85°C Ta = 125°C 
POWERRATING ABOVE Ta = 25°C POWERRATING POWERRATING | POWERRATING 


PACKAGE 


1375 mW 11 mWPC 
1375 mW 11 mW/°C 


recommended operating conditions 


2 oR BBS, Rae 20: AS Sie Ee AS, RG 
Supply voltage, Vec+ 


Common-mode input voltage, Vic 
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L6e-¥ 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


TLE2024M TLE2024AM TLE2024BM 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 


Vio Input offset voltage 


Temperature coefficient of 
“VIO input offset voltage 


Input offset voltage long-term 
25°C 0.00 
drift (see Note 4) 


25°C 
Full range 


| Input bias current 25°C 


0° =03 0 -0.3 
to to to 
3.5 4 


ie) 


| 
> 


< = 
ot eh < ce eee 
< oA 


NOISI04Ud YAMOd-MO1 GiadS-HOIH YNEIIWOXS 
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lio Input offset current 
IB 


| 
(2) 


5 
to 
; o 


Common-mode input 
voltage range 


Voy _ High-level output voltage 
Ri = 
V, Low-level output voltage : nai 
sib * . Full range 
Large-signal differential 25°C 
Vo = 14Vto4V, Rp = 10kQ 
AVD voltage amplification oO ° L Full range 


Common-mode 25°C 
Vic =V min, Re = 502 
il rejection ratio eres: ° Full range 


Supply-voltage rejection 25°C 
KSVR ratio (AVec / AVio) i. attaaotealtd 


loc Supply current 


VICR 


je) 
or 


b 
= 
io) 


[o) 
N 
(2) 
fo) 


tee) 
12) 


aes 
oO 
w 
ms 
= b 
“J 


700 1000 
Vo = 2.5V, No load 
Supply current change over 0 
AICC operating temperature 


TFull range is — 55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life testat Ta = 150°C extrapolated to T, = 25°C using the Arrhenius equation 


and assuming an activation energy of 0.96 eV. 


URE 


SYsIdIIdINV IWNOLLWHAd0 AVND 
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electrical characteristics at specified free-air temperature, Vcc + = +15 V (unless otherwise noted) 


PARAMETER UNIT 
ae 
OS ei ee 
Temperature coefficient of 

drift (see Note 4) 

ee 8 

cs sep See en a 3 ee a 
ced eee eee 


lo Input offset current 
Full range 
ig Input bias current eee ee 


Re CR: aE ev 
Full range ee i eee. core 
Common-mode input 


voltage range 


VICR 


to fe) 
4 Maximum positive peak 13.8 14.1 13.9 14.2 14 14.3 
OM + : 
output voltage s Peaanes | eg ge ia, 
ae Sal A = 10.68 ee 14.1 = 14.1 = 14.1 
V Se ne . -— . ae . , . sad . —— . V 
OM output voltage swing ee a 
Large-signal differential eae 2, ee ee 
Avp te Vo = +10V, Ri = 10kQ V/V 
voltage amplification moe ee ee 
Common: 7 ale Oe ae ee oe 
cman common mode Vic @Megeib: Ro = 60a 92 102 94 105 97 108 
rejection ratio ee a ee ee, ae 
Supply-volage rejecion | are ae mer a at ee ee eee 
SVR ratio (AVoc +/ AVIo) ae eer ae Pune tS as ant RO an es ae a 
401200 [9401200 | 
loc Supply current a sss ae 
Vo = 0, No load ee 


Supply current change over 
AICC operating temperature range 


TFull range is — 55°C. to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life testat T, = 150°C extrapolated to Ta = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 


14 pa yi 
Re = 502 V 
S = 15 —15 
Full range t 
R 13.2 13.2 


SYSISITd IV TWNOILWH4Ad0 GVND 
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operating characteristics at specified free-air temperature, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS TLE2024M TLE2024AM TLE2024BM UNIT 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

amare ieee. ee ee ee 
Yn voltage (see Figure 2) f= 1hhe Biel 
de: l(a eo i ee ee eae oe 
N(PP) input noise voltage f= 0.110 10 He " 
i manemee| © 8S Sate le aa oh ce et ee 
By Unity-gain bandwidth See Figure 
ST eC 1 A 


~ 


3 operating characteristics at specified free-air temperature, Vcc + = +15 V 

4 

5a | TLE2024M_— | ~—TLE2024AM_—s|_—STLE2024BM __ 

1 PARAMETER TEST CONDITIONS TLE2024M PLE 2024AM TLE2024BM UNIT 
3 D MIN TYP MAX | MIN TYP MAX | MIN TYP MAX 

: mS | en ae ee a a a 

Q sen SR Slew rate at unity gain Vo = +10V, See Figure 1 Fat a 9.45 0.7 0.45 0.7 poe Ad 
2 2 Peace, 88 er ee ee a 

gC y_ Equivalent input noise age a ee ee al ete ee ee ae 
ie fe ere 9 tat eee Oe eB tne mine 

au Va on, Peakto-peak equivalent | f = 0.1107 Ha ee eo ce ee eer Ces ee ase 
az N(PP) input noise voltage : 
1G cn) th. Reiman nee cue Eee a en OO a eB oe Ae 
5 By —_Unity-gain bandwidth See Figure 3 fe ee a eee: SA ae OI 
: $m Phase margin at unity gain __| See Figure 3 ee it ee ee, Ge ee 


tFull range is — 55°C to 125°C. . 
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-TLE2024M, TLE2024AM, TLE2024BM 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


20 kQ 


Vo 


-15V 
30 pF 
(see Note A) 


30 pF 20 kQ 


20 kQ 
(see Note A) 


NOTE A: C, includes fixture capacitance. 
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 


Figure 1. Slew Rate Test Circuit 


100 Q Pe -15V 
100 Q 100 Q 


100 4 
(a) SINGLE-SUPPLY 


Figure 2. Noise Voltage Test Circuit 


NOTE A: Cy includes fixture capacitance. 


(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 


Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 
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TLE2024M, TLE2024AM, TLE2024BM 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


- 15V 
30 pF 
(see Note A) 


10 kQ 


NOTE A: C; includes fixture capacitance. 


(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 
Figure 4. Small-Signal Pulse Response Test Circuit 


typical values 


Typical values presented in this data sheet represent the median (50% point) of device parametric performance. 
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TLE2024M, TLE2024AM, TLE2024BM 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 
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Percentage of Units -% 


lip — Input Bias Current -—nA 


— 20 
Ta — Free-Air Temperature — °C 
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EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 


QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
TLE2024BM 
TLE2024M INPUT BIAS CURRENT 
DISTRIBUTION OF vs 
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE 


796 Amplifiers Tested from 1 wafer lot 
Voc + ae 15 V 


Vio — Input Offset Voltage — pV 
Figure 5 


TLE2024BM 
INPUT BIAS CURRENT 


VS 
FREE-AIR TEMPERATURE 


75 100 125 


Figure 7 
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lig — Input Bias Current-—nA 


| — Input Current — mA 


Vic — Common-Mode Input Voltage — V 


Figure 6 


INPUT CURRENT 
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DIFFERENTIAL INPUT VOLTAGE 
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\Vip|— Differential Input Voltage — V 
Figure 8 
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TLE2024BM TLE2024BM~ 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
OUTPUT CURRENT FREE-AIR TEMPERATURE 


Vom — Maximum Peak Output Voltage — V 
ce 


2 


Vom — Maximum Peak Output Voltage — V 


0 2 4 6 8 10 1 


. 0 12 
2 14 —-75 —-50 -—25 0 25 50 to. = 100 125 

{lo — Output Current —-mA Ta — Free-Air Temperature — °C 
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TLE2024BM TLE2024BM 

HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
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HIGH-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 


VOH — High-Level Output Voltage — V 
VOH — High-Level Output Voltage — V 
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-75 -50 -25 0 29 6050 2276. 100° «125 
lon — High-Level Output Current - mA Ta — Free-Air Temperature — °C 


Figure 11 Figure 12 
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VoL — Low-Level Output Voltage — V 


VocPPp) — Maximum Peak-to-Peak Output Voltage — V 
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LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 
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0.25 


VoL — Low-Level Output Voltage — V 
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0 0.5 1 1.5 2 2.5 3 #5 -50.=+25 0 ..-25 50. 75.100 .-125 
lo, — Low-Level Output Current- mA Ta — Free-Air Temperature — °C 
Figure 13 Figure 14 
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
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Ri = 10 kQ 
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Vo(pP) — Maximum Peak-to-Peak Output Voltage — V 
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f — Frequency — Hz f — Frequency — Hz 
Figure 15 3 Figure 16 
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TLE2024BM TLE2024BM 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION and PHASE SHIFT AMPLIFICATION 
VS VS 
FREQUENCY FREE-AIR TEMPERATURE 
“ 3 
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Figure 17 Figure 18 
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SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
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=) r= | 
Oo 1@) 0 
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= = 
: : 
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Voc +|- Supply Voltage - V Ta — Free-Air Temperature — °C 
Figure 19 Figure 20 
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los — Short-Circuit Output Current - mA 


loc — Supply Current — pA 


1000 


400 
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TYPICAL CHARACTERISTICS 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


eee 
cums — 


Vip = —100 mV 


los — Short-Circuit Output Current - mA 


-75 -50 -25 0 25 50 75 100 125 


Vcc — Supply Voltage - V Ta — Free-Air Temperature — °C 
Figure 21 Figure 22 
SUPPLY CURRENT SUPPLY CURRENT 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vo = 0 
No Load 


loc — Supply Current — pA 
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oo 
ce 


0 12 a 8 -75 -50 -25 0 as TS Oe 
Voc +|- Supply Voltage — V Ta — Free-Air Temperature — °C 
Figure 23 Figure 24 
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TYPICAL CHARACTERISTICS 
TLE2024BM 
COMMON-MODE REJECTION RATIO SLEW RATE 
VS VS 
FREQUENCY FREE-AIR TEMPERATURE 


0.8 


| |Veos = +15V 


CMRR — Common-Mode Rejection Ratio — dB 
SR — Slew Rate — V/s 


0 
10 100 1k 10k 100k 1M 10M -75 -50 -25 0 25 50 7§ 100 125 
f — Frequency — Hz Ta —Free-Air Temperature — °C 
Figure 25 Figure 26 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL SMALL-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


Voc+ = +15V 
R_ = 10kQ 
CL = 30 pF 
Ta = 25°C 
See Figure 4 


Vo — Output Voltage —- mV 
Vo — Output Voltage — V 


t- Time -—ps t- Time -ps 


Figure 27 Figure 28 
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Vo — Output Voltage — V 


VN(PP) — Peak-to-Peak Input Noise Voltage — pV 
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TYPICAL CHARACTERISTICS 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 
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t- Time -ps t- Time -ps 
Figure 29 Figure 30 
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INPUT NOISE VOLTAGE INPUT NOISE VOLTAGE 
0.1 TO 1 Hz 0.1 TO 10 Hz 
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oor se | PT 


0.4 Ta = 25°C 


VN(PP) ~ Peak-to-Peak Input Noise Voltage — pV 
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Figure 31 Figure 32 
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TYPICAL CHARACTERISTICS 
EQUIVALENT INPUT NOISE VOLTAGE UNITY-GAIN BANDWIDTH 
VS VS 
FREQUENCY SUPPLY VOLTAGE 
200 
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- @ See Figure 3 
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PHASE MARGIN PHASE MARGIN 
VS VS 
LOAD CAPACITANCE FREE-AIR TEMPERATURE 


Ru = 10kQ 
Ta = 25°C 59 
See Figure 3 


Voco+ = +15V 
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Figure 37 Figure 38 


tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 


APPLICATION INFORMATION 


voltage-follower applications 


The TLE2024M circuitry includes input protection 

diodes to limit the voltage across the input Cr = 20to 50 pF 
transistors; however, no provision is made in the Ie <1mA 
circuit to limit the current if these diodes are 
forward-biased. Note that this condition can occur 
when the device is operated in the voltage- 
follower configuration and driven with a fast, large- 
signal pulse. It is recommended that a feedback 
resistor be used to limit the current to a maximum 
of 1 mA to prevent degradation of the device. 
Also, remember that this feedback resistor will Vcc - 
form a pole with the input capacitance of the . Figure 39. Voltage Follower 

device. For feedback resistor values greater than 

10 kQ, this pole will degrade the amplifier's phase 

margin. This problem can be alleviated by adding a capacitor (20 pF to 50 pF) in parallel with the feedback 
resistor (See Figure 39). 


input characteristics 
The input of any unused amplifiers should be tied to ground to avoid possible oscillation. 
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TLE2027M, TLE2027AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


D3440, MAY 1990, REVISED OCTOBER 1991 


available features 


e Outstanding Combination of DC Precision 
and AC Performance: 
Unity-Gain Bandwidth ... 15 MHz Typ 
Vn: -.- 3.3 NV/VHz at f = 10 Hz Typ, 
2.5 nVNHz at f = 1 kHz Typ 
Vio --- 25 pV Max 
Ayp. . . 45 V/V Typ, With RL = 2 kQ, 
19 V/uV Typ, With Rp = 600 Q 


description 


The TLE2027M and TLE2027AM contain 
innovative circuit design expertise and high- 
quality process control techniques to produce a 
level of ac performance and dc precision 
previously unavailable in single operational 
amplifiers. Manufactured using Texas 
Instruments state-of-the-art Excalibur process, 
these devices allow upgrades to systems that use 
lower-precision devices. 


In the area of dc precision, the TLE2027M and 
TLE2027AM offer maximum offset voltages of 
100 nV and 25 nV, respectively, common-mode 
rejection ratio of 131 dB (typ), supply voltage 
rejection ratio of 144 dB (typ), and dc gain of 
45 V/V (typ). 


Ac performance is highlighted by a typical unity- 
gain bandwidth specification of 15 MHz, 55° of 
phase margin, and noise voltage specifications of 
3.3 nV/NHz and 2.5 nV/VHz at frequencies of 
10 Hz and 1 kHz, respectively. 


Available in Standard-Pinout Small-Outline 
Package 


Output Features Saturation Recovery 
Circuitry 


Macromodels and Statistical Information 
Included 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
VS 
FREQUENCY 


Voc+ = £15 V 
Rp = 2kQ 

Cy = 100 pF 
Ta = 25°C 


aT Tee 


Nee 
ee 
Saee eee 


Ayp — Differential Voltage Amplification — dB 


0.1 100 100 k 100M 
f — Frequency — Hz 


Both the TLE2027M and TLE2027AM are available in a wide variety of packages, including the industry- 
standard 8-pin small-outline version for high-density system applications. The M-suffix devices are 


characterized for operation over the full military temperature range of 


AVAILABLE OPTIONS 
Bees CT eee 


Vio max CHIP 


a | eR 

(FK) im 
—55°Cto | 25mV | TLE2027AMFK | TLE2027AMJG 
125°C | 100mV TLE2027MJG 


—55°C to 125°C. 


Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 


PRODUCTION DATA information is current as of publication date. j 
testing of all parameters. i 
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On products compliant to MIL-STD-883, Class B, all aptententy 
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parameters 
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OFFSET N1 | }1 
IN - 
IN+] 43 


Voc - 


JG PACKAGE 
(TOP VIEW) 


NC — No internal connection 


symbol 


4-314 


NC |/4 
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OFFSET N1 
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OUT 
IN- 
OFFSET N2 
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FK PACKAGE 
(TOP VIEW) 
— N 
|} sf] OFFSET N2 ee 
71) V fT aT 
CC + ”~ 7p) 
6] | OUT oLroke 
51 ]NC AS ee 
321 


18]]} NC 
7) Voc + 
16|} NC 
15[] OUT 
14[] NC 


equivalent schematic 
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TLE2027M, TLE2Z027AM} 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply. voliage: Vor. (60G OIG 1) occas 5 ere ay 3 gi cisions 5 9 pee a AE 2 Se 22 V 
SPE ND EE hee eon 5 SS at eR EN wa peers Sales 4 vie oon ee tees + ays —22 V 
EPPar Oriel iti Wate (BOO IO, 2) aie cle af clang Sa ales Bie ob 0 pale Uh Soles ow Rae y us 3 mn fe A 
Lik Ms ice MATS EG a) | ie re ee errr rs ere re re ly eae eee hah bien Serer Voc+ 
SPE URGE HA GOCTT TRIE age i en a n'ai Gio © separ aide bed Hale 4S Se Cas EBS FE beled vs +1 mA 
SPE CPO FOSS nbs pe ws onde wk 4 Ag PE ee Eee Fog Gnh s ea brane Ace ee Ne ee Soa 9 +50 mA 
AAD CAITTIOTIE OUD Ge C= BOUIN oa oo nahn os, snaite 2 ches seer Bean ve is Lives po n> we lgmeoly & oth tee 8 sca 50 mA 
Ota CUE OUL OPV re, ORIG 005s dw ee Nv sc oh peg tb nthe mae Pe ad OLS Beatles 2 ae 50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ........... ce eee eee ee eee unlimited 
ORIN IOUS Aer CIEGNIOIT sf. sc 5 cs bo Ve sob sedans SOM pee We ne wo tale eo See Dissipation Rating Table 
Operating free-air temperature range, TA ccc eee cee eect e ees — 55°C to 125°C 
SIG TENTION CIN on Se his a ales, eh ack 2ckn ek RN ee ee A eee ie a eaters —65°C to 150°C 
Case tarneranie tor G0 SECORUS: FR DACA to a vig wale cls aoe a boo dl ee hw whe letete alls) donee ys 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input 
voltage in excess of approximately +1.2 V is applied between the inputs unless some limiting resistance is used. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 
Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 105°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 


PACKAGE 


FK 1375 mW 11 mW/°C 880 mW 495 mW 275 mW 
JG 1050 mW 8.4 mW/°C 672 mW 378 mW 210 mW 


recommended operating conditions 


ene Rei ie. Gk as Bee OS CREE 
1d 

Ta = 25°C 

Ta =— 55°C to 125°C 


Common-mode input voltage, Vic 
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electrical characteristics at specified free-air temperature, Vcc+ = +15 V (unless otherwise noted) 


TLE2027M TLE2027AM 


Tat 

PARAMETER TEST CONDITIONS MIN. TYP MAX MIN. TYP MAX UNIT 
ec) ee ee eee eee 
ues] ten ao [tee 


Full range pV/°C 


Vio Input offset voltage 


Temperature coefficient of 
evlO input offset voltage 

Input offset voltage 

long-term drift (see Note 4) 


lio Input offset current 
lip Input bias current 


Common-mode input 
voltage range 


VICR 


Full range 


25°C 10.5 

eee Pp oRee, | 

Fulrege| 2 10 | AO 
RL = 2ka Baek ee | Saas ES « ior ones! 
Re 


Maximum positive peak 


V 
OM + output voltage swing 
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i eC Re, 
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aie falige| 1 a 
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po as ae ee ee 
Fubeanga| 1m ee ae 
Vo=#10V,R, = en] 20 | 2 7 | 5 1 
a eae Sp Sy ee | as ee SO ea) ee 
20 Open-loop outputimpedance| Ip = 0 ——~S—S~«dtCas | CiSC‘“SC‘“C#“S#NSNC“CSONN’C*” 
cman COmmon-mode Vic=Viormin, [26 [ 100 ta —~dY stata 
rejection ratio Rg - 500 Fuge] 06 


Voc+ = +4Vtot18V 
° 4 144 
= + 


Rs = 
ec [ee pee 3847 
loc Supply current Vo = 0, No load — | ma 
fag, BS | ee 


*This parameter is not production tested. 

TFull range is —55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


Maximum negative peak 
output voltage swing 


Large-signal differential 
voltage amplification 
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operating characteristics, Vcc+ = £15 V,Ta = 25°C (unless otherwise noted) 


Slew rate at unity gain See Figure 1 
Vv Equivalent input noise Rs = 100Q, f = 10Hz a5 
2 voltage (see Figure 2) Rs = 100Q, f = 1kHz 


Peak-to-peak equivalent 
VN(PP) . Ee gg equvare™" | f= 0.1 Hz to 10 Hz 
input noise voltage 


Equivalent input noise f = 10 Hz 25°C 
ss current f = 1 kHz 
Vo = +10V, Ayp = 1, 
THD Total harmonic distortion | _° VD 25°C < 0.002% 
See Note 5 
Unity-gain bandwidth 
By Bec “ RL = 2kQ, CL. = 100pF ee 
Maximum output-swing 
Ry = 2kQ 2 
Phase margin at unity 
Ri = 2kQ, CC; = W0pF . 
m0 gain (see Figure 3) 
“This parameter is not production tested. 


TFull range is —55°C to 125°C. 
NOTE 5: Measured distortion of the source used in the analysis was 0.002%. 


PARAMETER MEASUREMENT INFORMATION 


4kQ 10 kQ 


Vo Vo 


Ci = 
(see Note A) 


Figure 1. Slew Rate Test Circuit 


10 kQ 
el 
Vo 
Se Cis 2kQ 
mY 100 pF 
(see Note A) 
Figure 3. Unity-Gain Bandwidth and Figure 4. Small-Signal Pulse 
Phase Margin Test Circuit Response Test Circuit. 


NOTE A: C; includes fixture capacitance. 
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PARAMETER MEASUREMENT INFORMATION 
typical values 


Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 


initial estimates of parameter distributions 


In the on-going program of improving data sheets and supplying more information to our customer, Texas 
Instruments has added an estimate of not only the typical values but also the spread around these values. 
These are in the form of distribution bars that show the 95% (upper) points and the 5% (lower) points from 
our characterization of the initial wafer lots of this new device type (see Figure 5). The distribution bars are 
shown at the points where data was actually collected. The 95% and 5% points are used instead of +3 sigma 
since some of the distributions are not true Gaussian distributions. 


The number of units tested and the number of different wafer lots used are on all of the graphs where 
distribution bars are shown. As noted in Figure 5, there were a total of 835 units from 2 wafer lots. In this 
case, there is a very good estimate for the within-lot variability and a possibly poor estimate of the lot-to-lot 
variability. This will always be the case on newly released products since there will only be data available from 
a few wafer lots. 


The distribution bars are not intended to replace the minimum and maximum limits in the electrical tables. 
Each distribution bar represents 90% of the total units tested at a specific temperature. While 10% of the units 
tested fell outside any given distribution bar, this should not be interpreted to mean that the same individual 
devices fell outside every distribution bar. 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


: 95% point on the distribution bar 
Voi« 0 (5% of the devices fell above this point.) 

< 4.5} No Load 90% of the devices were within the upper 

I and lower points on the distribution bar. 
= 

2 4 5% point on the distribution bar 
6 (5% of the devices fell below this point.) 
eal 

. 

& 3.5 
7) 

1 

oO 
2 


2.5 
-75 -50 -25 0 25 50 75 100 125 150 


Ta — Free-Air Temperature — °C 


Figure 5. Sample Graph With Distribution Bars ~ 
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TYPICAL CHARACTERISTICS 


table of graphs 


Vio Input offset voltage Distribution F Scie! TRE S| 
Vio Input offset voltage change 
iio ___Input offset current 


vs oe ee 
vs Pare eegrues oa0 
vs Common-mode input voltage 
lip Input bias current 
vs Temperature 


a meme Differential input voltage 
Voip) Maximum peakcto-peak outputvollage [vs Frequency —=SSC=‘SCSCi 


Vv bi liniciny dak Sethveliboe vs Load resistance 14, 15 
OM és is 9 vs Temperature 16, 17 


7,8 
10 
11 
vs Supply voltage 18 
vs Load resistance 20 
vs Frequency 19, 21 
vs Temperature 22 


Large-signal differential 
voltage amplification 


KSvA Supply voltage rejection ratio 


Supply voltage 


Os Short-circuit output current Time 
Temperature 
Icc 


| 
Supply current vs Supply voltage 
vs Temperature 
Pulse response ahaa 
Large-signal 


Noise voltage (referred to input) 0.1 to 10 Hz 


By Unity-gain-bandwidth De ise Ei es 
vs Load capacitance 
SR Slew rate 


vs Supply voltage 
vs Load capacitance 


4 
vs Temperature 


» __Phase shit 19,21 


om Phase margin 


2 
3 
4 
5 
6 
rf 
1 
2 
3 


3 

3 
: ee 
oe 

4 

4 
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Percentage of Amplifiers —% 


AVio — Change In Input Offset Voltage — pV 


TYPICAL CHARACTERISTICS 


TLE2027M 
DISTRIBUTION OF 
INPUT OFFSET VOLTAGE 


1568 Amplifiers Tested From 2 Wafer Lots 


0 
-120 -9 


-60 -30 0 30 60 90 120 
Vio — Input Offset Voltage — pV 


Figure 6 


INPUT OFFSET VOLTAGE CHANGE 


0 20 


vs 
TIME AFTER POWER ON 


Sample Size = 50 Units 
From 2 Wafer Lots 


40 60 80 100 120 140 160 180 
t — Time After Power On -— s 


Figure 8 


INPUT OFFSET VOLTAGE CHANGE 
vs ' 


TIME AFTER POWER ON 


AVio — Change In Input Offset Voltage — pV 


Sample Size = 50 Units 
From 2 Wafer Lots 


t — Time After Power On —- s 
Figure 7 
INPUT OFFSET CURRENT 


vs 
FREE-AIR TEMPERATURE 


Voc+ = t15V 


lio — Input Offset Current — nA 


0 
-75 -30 -25 0 .25 S50 75 100 125 150 
Ta — Free-Air Temperature — °C 


Figure 9 
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TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT INPUT BIAS CURRENT 
Vs Vs 
COMMON-MODE INPUT VOLTAGE FREE-AIR TEMPERATURE 


Veet = t15V 


Sample Size = 836 Units 


1B — Input Bias Current — nA 
lig — Input Bias Current — nA 


—12 -8 —4 0 a 8 12 -75 -50 -25 0 25 50 75 100 125 150 
Vic — Common-Mode Input Voltage — V Ta — Free-Air Temperature — °C 
Figure 10 Figure 11 
MAXIMUM PEAK-TO-PEAK 
INPUT CURRENT OUTPUT VOLTAGE 
vs Vs 
DIFFERENTIAL INPUT VOLTAGE FREQUENCY 


a SG 


ni 
| 
CU UT 
CUI HTL Ul 
stir? Ss Ul 


10 


I; — Input Current - mA 


VocpP) — Maximum Peak-to-Peak Output Voltage — V 
a 


—1.8 -12 -0.6 0 0.6 tia 1.8 10k 100 k 1M 10M 
Vip — Differential Input Voltage — V f — Frequency — Hz 
Figure 12 Figure 13 
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Vom+ — Maximum Positive Peak Output Voltage — V 
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TYPICAL CHARACTERISTICS 
MAXIMUM POSITIVE PEAK MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
LOAD RESISTANCE LOAD RESISTANCE 
14 —14 
02 | Paced ite aie a Seer i He eco oe es ese 
8 aes TM eB ee 


a 


Voc+ = 
Ta = 25°C 


Vom— — Maximum Negative Peak Output Voltage — V 


0 
10k 100 1k 10k 
R, — Load Resistance — Q Ri — Load Resistance — Q 
Figure 14 7 Figure 15 
MAXIMUM POSITIVE PEAK MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
13.5 —13 
Voc+ = t15V Vec+ = t15V 
Ru = 2kQ Ru = 2kQ | 
13.4 Sample Size = 832 Units ~13.2 Sample Size = 831 Units 


12.9 
-75 -50 -25 0 25 £50 


Figure 16 


75 
Ta — Free-Air Temperature — °C 


From 2 Wafer Lots 


— 13.4 


— 13.6 


- 13.8 


-14 
-75 -50 -25 0 25 50 75 100 125 150 


Ta — Free-Air Temperature — °C 


Vom— — Maximum Negative Peak Output Voltage — V 


100 125 150 


Figure 17 
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TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
VOLTAGE AMPLIFICATION AMPLIFICATION AND PHASE SHIFT 
vs vs 
SUPPLY VOLTAGE — FREQUENCY 
160 7§° 
> i nk. RES Pee RR SL a AS 
= peers ek ain aes ata 
: s 
5 § 120 125° 
3 E 100 150° = 
‘s g, ‘° 
o S 80 175° & 
: $ é 
> _ ! 
= a °.306 200° 
s c 
£ = 40 225 
5 a 
geek oie 250° 
a = Cy = 100 pF 
Z < Ta = 25°C 
0 275° 
0.1 100 100 k 100 M 
IVcc+| — Supply Voltage — V f — Frequency — Hz 
Figure 18 Figure 19 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
LARGE-SIGNAL VOLTAGE AMPLIFICATION AMPLIFICATION AND PHASE SHIFT 
vs vs 
LOAD RESISTANCE FREQUENCY 


Avp — Differential Voltage Amplification — V/uV 
Ayvp — Differential Voltage Amplification — dB 
¢ —Phase Shift 


Ry = 2kQ 
Cy = 100 pF 
Ta = 25°C 
10 20 40 70 100 
Ry — Load Resistance — 2 f —- Frequency — MHz 


Figure 20 Figure 21 
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Ayp — Differential Voltage Amplification — V/V 


CMRR — Common-Mode Rejection Ratio — dB 


TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION OUTPUT IMPEDANCE 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 


100 


. 10 
® 
e 
is) 
Be 
2. 
: aoe 
3 
2 
re 
‘e) 
I 
2 0.1 

30 0.01 

-75 -50 -25 0 25 50 75 100 125 150 10 100 1k 10k 100k 1M 10M 100M 
Ta — Free-Air Temperature — °C f — Frequency — Hz 
Figure 22 Figure 23 
COMMON-MODE REJECTION RATIO SUPPLY VOLTAGE REJECTION RATIO 
vs vs 


FREQUENCY FREQUENCY 


Voc+ = t15V 


KsypR — Supply Voltage Rejection Ratio — dB 


0 
10 100 1k 10k 100k 1M 10M 100M 10 100 14k 10k 100k 1M ‘10M 100M 
f — Frequency — Hz f — Frequency — Hz 
Figure 24 Figure 25 
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TYPICAL CHARACTERISTICS 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Vip = 100 mV 
Vo = 0 

Ta = 25°C 

P Package 


Vip = —100 mV 
Vo = 0 

Ta = 25°C 

P Package 


los — Short-Circuit Output Current —- mA 
los — Short-Circuit Output Current - mA 


10 12 14 16 18 20 22 So. 2. €@€. 2-3 18. 22 ae ye te ee ian 
Cees Supply Voltage — V IVcoc+| — Supply Voltage — V 
Figure 26 Figure 27 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
ELAPSED TIME ELAPSED TIME 


Voc+ = t15V 
Vip = 100 mV 
Vo = 0 

Ta = 25°C 

P Package 


Vecs = t15V 
Vip = —100 mV 
Vo = 0 

Ta = 25°C 

P Package 


los — Short-Circuit Output Current — mA 
los — Short-Circuit Output Current —- mA 


0 30 60 90 120 150 180 
t- Time -s t- Time -s 
Figure 28 Figure 29 
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TYPICAL CHARACTERISTICS 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
vs Vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc+ = t15V 
Vip = 100 mV 


-75 -50 -25 0 25 50 75 100 125 150 


Ta — Free-Air Temperature — °C 
Figure 30 


SUPPLY CURRENT 
Vs 
SUPPLY VOLTAGE 


No Load 


Pe er 


oe ee a et ae 
 TamanGGa 


10 12 14 16 18 20 22 
see Supply Voltage — V 


Figure 32 


46 


Vec+ = t15V 
VID = —100 mV 


42 


38 


34 


30 


los — Short-Circuit Output Current —- mA 


26 
-75 -50 -25 0 25 50 75 100 125 150 


Ta — Free-Air Temperature — °C 


Figure 31 


SUPPLY CURRENT 
Vs 
FREE-AIR TEMPERATURE 


Vocs = 
Vo = 0 
No Load 


lcc — Supply Current — mA 


"-75 -50 -25 0 25 50 75 100 125 150 
Ta — Free-Air Temperature — °C 


Figure 33 
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TYPICAL CHARACTERISTICS 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 
100 
Vecst = £15V Vec+ = £15V 
RL = 2kQ Rp = 2kQ 
CL = 100 pF CL = 100 pF 
> 50 Ta = 25°C a Ta = 25°C 
= See Figure 4 i 
; i See Figure 1 
: : 
3 $ 
— : 
4 2. 
S 2 
= .e) 
_ 1 
1 
(e) 
2 -50 > 
-—100 
0 200 400 600 800 1000 
t — Time — ns t — Time — ps 
Figure 34 Figure 35 
EQUIVALENT INPUT NOISE VOLTAGE NOISE VOLTAGE 
vs (REFERRED TO INPUT) 
FREQUENCY OVER A 10-SECOND INTERVAL 
10 
Iz Vocs = £15V Vocs = £15V 
> Rs = 1002 = 0.1 to 10 Hz 
ae Ta = 25°C 
@ See Figure 2 
= Sample Size = 100 Units > 
Ss From 2 Wafer Lots = 
@ §& 
2 D 
2 = 
Z 3 
3 > 
G4 ® 
2 
> 2 
Ww 
I 
c 
> 
0 
f — Frequency — Hz t- Time-s 
Figure 36 Figure 37 
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TYPICAL CHARACTERISTICS 
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH 
vs vs 
SUPPLY VOLTAGE LOAD CAPACITANCE 


N 
ake 
= 

I 
< 
3 

= 
a) 

& 
co 
£ 

i) 
9 
= 
es 
- 

I 

o 

6 8 10 12 14 16 18 20 22 
IVcoc+| — Supply Voltage - V 
Figure 38 
SLEW RATE 
vs 
FREE-AIR TEMPERATURE 
£ 
re) 
a 
= 
a 
£ 

o 

i 
£ 

s 


Ci = 100 pF 
See Figure 1 


2 
-75 —-50 


-25 0 25 50 75 100 125 150 
Ta — Free-Air Temperature — °C 


Figure 40 


C, — Load Capacitance — pF 
Figure 39 


PHASE MARGIN 
Vs 
SUPPLY VOLTAGE 


Dg0 4050508 
Rese eGa 


0-2 ° "4. 6 8 10-12 14. 16-18: 20-22 
lVcc+| — Supply Voltage — V 


Figure 41 
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TYPICAL CHARACTERISTICS 


PHASE MARGIN PHASE MARGIN 
vs vs 
LOAD CAPACITANCE FREE-AIR TEMPERATURE 


Voc+ = £15V 


Voc+ = £15V 


Ru = 2kQ Ru = 2kQ 
Ta = 25°C 60° Cy = 100 pF 
See Figure 3 See Figure 3 


¢m — Phase Margin 
¢?m — Phase Margin 
uo 
3 


40° 


phe 
mea HES Ghe 


35° 
-75 -50 -25 0 25 50 75 100 125 150 
C, — Load Capacitance — pF Ta — Free-Air Temperature — °C 
Figure 42 Figure 43 


TYPICAL APPLICATION DATA 


macromodel information 


Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel (see Note 6) and subcircuit in Figures 44 and 45 were generated using the TLE2027M typical 
electrical and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 


Gain-bandwidth product 
Common-mode rejection ratio 
Phase margin 

Dc output resistance 

Ac output resistance 
Short-circuit output current limit 


Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 


NOTE 6: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Integrated Circuit Operational Amplifiers”, /EEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 


PSpice and Parts are trademarks of MicroSim Corporation. 


Macromodels, simulation models, or other models 


provided by Tl, directly or indirectly, are not j 
warranted by Tl as fully representing all of the TEXAS 
specifications and yg characteristics of the 


semiconductor product to which the model relates. INST RUMENTS 
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APPLICATION INFORMATION 


macromodel information (continued) 


Vcc+ 


Vec- 


Figure 44. Boyle Macromodel 


-subckt TLE2027 12345 
* 
cl 1112 4.003E-12 
c2 6 7 20.00E-12 
dc 5 53 dx 
de 54 5 dx 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 d& 
egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb vc ve vip vin 0 954.8E6 -1E9 1E9 1E9 -1E9 
ga 6 011 12 2.062E-3 
gem 0 6 10 99 531.3E-12 
iee 10 4 dc 56.01E-6 
hlim 90 0 vlim 1K 
qi 11 213 qx 
1 


ro2 99 25 

rp 3 4 8.013E3 

vb 9 Odc 0 

vc 3 53 de 2.400 

ve 54 4 dc 2.100 
vlim 7 8 dc 0 

vip 91 0 dc 40 

vin 0 92 de 40 
model dx D(Is=800.0E-18) 
model qx NPN (Is=800.0E-18 Bf=7.000E3) 
ends 


Figure 45. Macromodel Subcircuit 
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APPLICATION INFORMATION 


voltage-follower applications 


The TLE2027M circuitry includes input protection diodes to limit the voltage across the input transistors; 
however, no provision is made in the circuit to limit the current if these diodes are forward biased. Note that 
this condition can occur when the device is operated in the voltage-follower configuration and driven with a 
fast, large-signal pulse. It is recommended that a feedback resistor be used to limit the current to a maximum 
of 1 mA to prevent degradation of the device. Also, remember that this feedback resistor will form a pole with 
the input capacitance of the device. For feedback resistor values greater than 10 kQ, this pole will degrade 
the amplifiers phase margin. This problem can be alleviated by adding a capacitor (20 pF to 50 pF) in parallel 
with the feedback resistor (see Figure 46). 


Cr = 20to 50 pF 


<¢ I—F <1mA 


Vcc - 


Vi 


Figure 46. Voltage-Follower 


input offset voltage nulling 


The TLE2027M series offers external null pins that can be used to further reduce the input offset voltage. The 
circuits of Figure 47 can be connected as shown if the feature is desired. If external nulling is not needed, 
the null pins may be left disconnected. 


1kQ 
Voc+ 
10 kQ 4.7kQ 

VcCc+ 4.7 kQ 
IN- IN- 

OUT OUT 
IN+ IN+ | 

Vcc- Vcc- 
(a) Standard Adjustment (b) Adjustment with Improved Sensitivity 


Figure 47. Input Offset Voltage Nulling Circuits 
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available features 


D3454, MAY 1990 — REVISED OCTOBER 1991 


e Outstanding Combination of DC Precision e Available in Standard-Pinout Small-Outline 
and AC Performance: Package 
erg din Bee: e Output Features Saturation Recovery 
Vn .-- 3.3 nVHz at f = 10 Hz Typ, is) 
"9. 5 nA zat f= 1kHz Typ e Macromodels and Statistical Information 


Vio... 25 pV Max 
Avp. . .45 V/uV Typ, With Ry. = 2 kQ, 
19 V/uV Typ, With RL = 600 0 


description 


The TLE2037M and TLE2037AM combine 


Included 


: ; Pane : : ; LARGE-SIGNAL 

innovallve GHCUR design expertise ahd high: DIFFERENTIAL VOLTAGE AMPLIFICATION 
quality process control techniques to produce a vi 

level of ac performance and dc precision FREQUENCY 


previously unavailable in single operational 
amplifiers. Using the Texas Instruments state-of- 
the-art Excalibur process, these low-noise high- 
speed precision decompensated operational 
amplifiers allow upgrades to systems that use 
lower-precision devices. 


The TLE2037M and TLE2037AM_ are 
decompensated versions of the TLE2027M and 
TLE2027AM and are stable to a closed-loop gain 
of 5. Inthe area of dc precision, these parts offer 
maximum offset voltages of 100 WV and 25 nV, 
respectively, common-mode rejection ratio 
of 131 dB (typ), supply voltage rejection ratio of 
144 dB (typ), and de gain of 45 V/uV (typ). 


The ac performance is highlighted by a typical 
gain-bandwidth product specification of 76 MHz, 
50° of phase margin, and noise voltage 
specifications of 3.3 nV/VHz and 2.5 nV/VHz at frequencies of 10 Hz and 1 kHz, respectively. 


The TLE2037M and TLE2037AM are available in ceramic 8-pin small-outline (JG) and 20-terminal chip carrier 
(FK) packages and are characterized for operation over the full military temperature range of —55°C to 125°C. 


Vec+ = t15V 
Ru = 2kQ 

Ci = 100 pF 
Ta = 25°C 


Ayp = 153 dB 


NL 
el ee 
tN 


Ayp — Differential Voltage Amplification —- dB 


100 k 
f —- Frequency — Hz 


AVAILABLE OPTIONS 


Pees JC es 
Vio max aa SEE CERAMIC 
AT 25°C CARRIER DIP 
(FK) (JG) 


— 55°C to 25 wV TLE2037AMFK | TLE2037AMJG 
125°C 100 pV | TLE2037MFK | TLE2037MJG 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


Copyright © 1991, Texas Instruments Incorporated 
On products compliant to MIL-STD-883, Class B, all 
parameters are tested unless otherwise noted. On all 
other products, production gral does not 
necessarily include testing of all parameters 
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JG PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


OFFSET N1[11 LJ sf] OFFSET N2 


NC — No internal connection 


symbol 


OFFSET N1 


IN+ 


OUT 


IN- 


OFFSET N2 
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G92S2 SVXAL ‘SVTIVG * E0ESS9 XO8 3DI440 LSOd 


Ste-v 


SLNAWNULSN] 


dip SYXAL 


equivalent schematic 


OFFSET N2 
OFFSET e- 
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Voc+ 


Re 
eae cesreaeeil 


ee 


lias | eee eee Te 
a Pi eae tae el oC 


Vcc- 


af ee 
ie 
met te Te 
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EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage; Vccy (see Note 1) eee bbe eee Bb ae pe a ees ose SR De a we 22 V 
Supply VONRGO, MG a 5 os age cee ns s Sees Sepa Rees es pee pes nae © pea se -—22 V 
Differential input voltage (see Note 2) .................. RS Sas AS Sig GLUES IE o£ Es eT tio N 
input voltage, Vi (Any INOUL) oo 5-6 i. cask a eae ho kn oR ne Oe ho be aig oh Geb “Ee Pee Voc+ 
INnDUL-CUTeMt, ly (OBC IADUT) cio. 5 eos ale ow ogi dg cen he te de ies aos a es bee wa oe Re +1 mA 
CPA CLPGIN, Ts 55 ooo ie 38 ns she a ieee wet etree wep npn) Vig 5 occ adipnanneyy + pk seer 360s +50 mA 
Total current into Voc. terminal 2... ce es a a in ee bd ae Cone ee tee these ns 50 mA 
Total current out of Voce — tOnninal . 6. 6 tence hice cessing + be do taser dye tie ieee pee ts 50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) .............. 0... eee eee unlimited 
COMNMUGUR TOIGE CIBGIDGNION 555 ies a ve we od 0 0 eee ce kaes whey eae See Dissipation Rating Table 
Operating free-air temperature range, TA cece cece ee eee ees - 55°C to 125°C 
SISTACG LOOT aite TANE oo ho aia os ob cds Fo es oe bt to sy ea de Bee teh anh —65°C to 150°C 
Case-temperature for 60 seconds: FR package =... oe ci cc Fo ck dea ele peb is pe eae es 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ......-........... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input 
voltage in excess of approximately +1.2 V is applied between the inputs unless some limiting resistance is used. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 125°C 
POWERRATING ABOVET,=25°C POWER RATING 


PACKAGE 


1375 mW 11.0 mW/°C 275 mW 
1050 mW 8.4 mW/°C 210 mW 


recommended operating conditions 


ee 
Supply voliags, Voc 


Common-mode input voltage, Vic A a to 125°C 
ae EL eee eee 


Operating free-air temperature, Ta : 


< 
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electrical characteristics at specified free-air temperature, Vcc+ = +15V (unless otherwise noted) 


PARAMETER 


Vio Input offset voltage 


Temperature coefficient of 
“VIO input offset voltage 

Input offset voltage 

long-term drift (see Note 4) 


lio Input offset current 
iB Input bias current 


Common-mode input 
voltage range 


pe 
uo 
oO 


Maximum positive peak 
output voltage swing 


Maximum negative peak 
output voltage swing 


Vo = £11V, RL = 2kQ 
Vo -< 21 
Large-signal differential ) OV, RL Q 
O 


= 2k 
voltage amplification Vo = £10V, RE = 1kQ 
ss ’ = 6 


Vo = +10V, RL = 6009 
Tie oa. acer 
z Open-loop outputimpedance]| lo =O =i 


; pial 
rejection ratio Rs = 50 
| Voce = +4 V tot 18 V, 
Supply-voltage rejection ratio 


Rs = 502 


—s 
aah 
N 


= 
_ 
oO 


KSVR 


loc Supply current 


*This parameter is not production tested. 

TFull range is —55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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operating characteristics at specified free-air temperature, Vcc+ = +15 V 


TLE2037M TLE2037AM 
+ |__TLE2037M_ 
PARAMETER TEST CONDITIONS TA a ae | er eee | UNIT 
AD =5 AL = eke, | oO |e 7S 
SR Slew rate VD L V/us 
C= 100 pF, Soe Figure 1 |Fulrange] aa" a 
Equivalent input noise Rg = 100Q, f = 10Hz 3.3 7 Se ee 
25°C Hz 
Vn voltage (see Figure 2) Rg = 100Q, f = 1kHz 25 4s Sesetf on 
Peak-to-peak equivalent | 
VPP) ee | f= 0:1 Hz to 10 He 25°C 50 250° 50 130" 
input noise voltage 
f 
f 4 


Z 
Equivalent input noise 
25°C 
oa eee 04 06" ie 
Zz 


= 0. nv 
3 
V — = 
Hin. sTealhanteniedetwrion Le vO 25°C < 0.002% < 0.002% 
See Note 5 
f = 100kHz, Ry) = 2kQ 
Gain-bandwidth product et oth | 9506 50 76 50 76 MH 
ig 


Maximum output-swing 


=-2kO 5° 


im Phase margin RL = 20,0, = 100pF 
“This parameter is not production tested. 

TFull range is — 55°C to 125°C. 

NOTE 5: Measured distortion of the source used in the analysis was 0.002%. 


PARAMETER MEASUREMENT INFORMATION 


4kQ 10 kQ 


Vo Vo 


-15 
-15V 4kQ 100 2 100 2 
(see Note A) 
NOTE A: Cy includes fixture capacitance. 
Figure 1. Slew Rate Test Circuit Figure 2. Noise Voltage Test Circuit 
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PARAMETER MEASUREMENT INFORMATION 


typical values 


Typical values presented in this data sheet represent the median (50% point) of device parametric 
performance. 


initial estimates of parameter distributions 


In the ongoing program of improving data sheets and supplying more information to our customers, Texas 
Instruments has added an estimate of not only the typical values but also the spread around these values. 
These are in the form of distribution bars that show the 95% (upper) points and the 5% (lower) points from 
our characterization of the initial wafer lots of this new device type (see Figure 3). The distribution bars are 
shown at the points where data was actually collected. The 95% and 5% points are used instead of +3 sigma 
since some of the distributions are not true Gaussian distributions. 


The number of units tested and the number of different wafer lots used are on all of the graphs where 
distribution bars are shown. As noted in Figure 3, there were a total of 835 units from 2 wafer lots. In this 
case, there is a very good estimate for the within-lot variability and a possibly poor estimate of the lot-to-lot 
variability. This will always be the case on newly released products, since there will only be data available 
from a few wafer lots. 


The distribution bars are not intended to replace the minimum and maximum limits in the electrical tables. 
Each distribution bar represents 90% of the total units tested at a specific temperature. While 10% of the units 
tested fell outside any given distribution bar, this should not be interpreted to mean that the same individual 
devices fell outside every distribution bar. | 


SUPPLY CURRENT 
Vs 
FREE-AIR TEMPERATURE 
Vv ze 95% point on the distribution bar 
ne 0 (5% of the devices fell above this point.) 

t is) ee 90% of the devices were within the upper 

I and lower points on the distribution bar. 
= 

2 4 5% point on the distribution bar 
6 (5% of the devices fell below this point.) 
> 
Fe 

2 3.5 
” 

I 

oO 
L 


2.5 
-75 -50 -25 0 25 50 75 100 125 150 


Ta — Free-Air Temperature — °C 


Figure 3. Sample Graph With Distribution Bars 
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TYPICAL CHARACTERISTICS 


table of graphs 


Vio___ Input offset voltage 
AVio___Input offset voltage change 
iO Input offset current vs Temperature 7 
IB 


| Jo Gatagires iain! 
vs Common-mode input voltage 

| Input bias current P g 
vs Temperature 


[_y_Inpoteurent——=S=S*~*~S*~S*S~* SCS ileal input voltage 
vs Temperature 
vs Supply voltage 16 
vs Load resistance 18 
voltage amplification vs Frequency 17, 19 
vs Temperature 20 
Le a ST eee ees Se 
[MRA Common-mode rejection ratio __—«(|_——vs ‘Frequency 
KsvR___ Supply voltage rejection ratio Re" a eet ee 
vs Supply voltage 
S vs Time 
vs Temperature 
oe ee eee 
vs Temperature 
ce eee SL eae 
Large-signal 
vs wr Se a 
| SS a 


Large-signal differential 


Avp 


Short-circuit output current 


0 
C 


Va Equivalent input noise vohage 
Noise voltage (referred to input) 0.1 to 10 Hz 


vs Supply voltage 36 
vs Load capacitance 37 
s 
40 
41 


Gain-bandwidth product 


SR Slew rate Ps Ne ieripatiibee <7 2is.5 age Se 


vs Supply voltage 39 
om Phase margin vs Load capacitance 
vs Temperature 


» Phase shit 7, 19 
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TYPICAL CHARACTERISTICS 
TLE2037M INPUT OFFSET VOLTAGE CHANGE 
DISTRIBUTION OF ; vs 


INPUT OFFSET VOLTAGE TIME AFTER POWER ON 


1568 Amplifiers Tested From 2 Wafer Lots 


Voc+ = t15V 

Tg = 25°C 

JG Package 

Sample Size = 50 Units 
From 2 Wafer Lots 


Percentage of Amplifiers —% 
AVio — Change In Input Offset Voltage — pV 


-120 -90 -60 -30 0 30 60 90 120 0 10 20 30 40 50 60 
Vio — Input Offset Voltage — pV t — Time After Power On — s 
Figure 4 Figure 5 
INPUT OFFSET VOLTAGE CHANGE INPUT OFFSET CURRENT 
vs vs 
TIME AFTER POWER ON FREE-AIR TEMPERATURE 
= Vec+ s- £16 V 
: Vic = 0 | 
| 
D a < 
iy) c 
“oA é ro 
8 2 
= a 5 
: vole < 
Z 3 
= e) 
£ _ 
® a 
e £ 
= 1 
SG ° 
; = 
(°) 
> Sample Size = 50 Units 
i From 2 Wafer Lots 
0 
0 20 40 60 80 100 120 140 160 180 -75 -50 -25 0 25 50 75 100 125 150 
t — Time After Power On - s Ta — Free-Air Temperature — °C 
Figure 6 Figure 7 
U 
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TYPICAL CHARACTERISTICS 
INPUT BIAS CURRENT INPUT BIAS CURRENT : 
vs vs 
COMMON-MODE INPUT VOLTAGE FREE-AIR TEMPERATURE 
< < a 
od c 
| I 
5 5 
: eee ce 
3 : eS 
a jee) 
Set tL 
Q. Qa. 
£ £ 
: A iRAe: 
pti 
-12  -8 -4 0 4 8 12 -75 -50 -25 0 25 75 100 125 150 
Vic — Common-Mode Input Voltage — V Ta — Free-Air asin - 
Figure 8 : Figure 9 
MAXIMUM PEAK-TO-PEAK 
INPUT CURRENT OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREQUENCY 
1 ~ 30 
Voc+ = £15 V © Vec+ = £15V 
08b Vio = 0 8 en Ru = 2kQ 
0.6 Ta = 25°C 2 25 |} — 
« 3 
0.4 g 
. 6 20 
o oa 
a ety 2 15 
ae Cee 
no 10 
ne ae 
x ae 
-0.6 3 
Boe les x 
“ : tion Nl ll 
ees a one [ISS 
46. +e om0 82540  aalenee fe Dee, © oe 100 k 1M 10M 100 M 
Vip — Differential Input Voltage — V f — Frequency — Hz 
Figure 10 Figure 11 
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Vom+ — Maximum Positive Peak Output Voltage — V 
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TYPICAL CHARACTERISTICS 


MAXIMUM POSITIVE PEAK 


OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 


100 400 1k 
Ri — Load Resistance — i. 


Figure 12 


10k 


MAXIMUM POSITIVE PEAK 


OUTPUT VOLTAGE 
vs 


FREE-AIR TEMPERATURE 


13.5 


Voc+ = t15V 
Ru = 2kQ 


-75 -50 -25 0 25 50 75 


100 125 150 


Ta — Free-Air Temperature — °C 


Figure 14 


Vom— — Maximum Negative Peak Output Voltage — V 
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Vom— — Maximum Negative Peak Output Voltage — V 


MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 


CUI cri 
Aa a 
CATT LA Ei 
a 
CANE LM ITT 
i 


100 400 10k 
R, — Load ieee - 2 


Figure 13 


MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE 
Vs 
FREE-AIR TEMPERATURE 


aS 
AN 
: 
. 


-13 


Vec+ = £15V 
Rp = 2kQ 

Sample Size = 831 Units 
From 2 Wafer Lots 


—13.2 


—13.4 


Be SGEe 
Bin Ss 
ULL LTT 


-75 -50 -25 0 50 100 125 150 
Ta>- ate Se ae - °C 


— 13.6 


—13.8 


Figure 15 
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TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 


in ETL 


(Eblie iw 


Ayp — Differential Voltage Amplification — V/V 


IVcoc+| —- Supply Voltage — V 
Figure 16 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
LOAD RESISTANCE 


Voc+ = 


Ayp — Differential Voltage Amplification - V/pV 


R,_ — Load Resistance — Q 


Figure 18 


Ayp — Differential Voltage Amplification — dB 


Ayp — Differential Voltage Amplification — dB 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


Seer TT 
Amis) ate 
MESS ae i 


|_| Phase Shift 


Rp = 2kQ 
Cy = 100 pF 


f — Frequency — Hz 
Figure 17 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
Vs 
FREQUENCY 


INI TE 
P| NTA LT 
Hae Sep.” \ Phase Shift 
COMING 
OP ANSE 


Rp = 2kQ 
C; = 100 pF 
TA = 25°C 


175° 


dv 
Mil 


1 4 10 40 100 
f —- Frequency — MHz 


Figure 19 
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¢ —Phase Shift 


¢ — Phase Shift 


Ayp — Differential Voltage Amplification —- V/V 


CMRR — Common-Mode Rejection Ratio — dB 
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TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION OUTPUT IMPEDANCE 
VS Vs 
FREE-AIR TEMPERATURE FREQUENCY 


Gq 
| 
® 
Oo 
= 
© 
as 
® 
2. 
= 
3 
2. 
5 
oO 
2 —10 
—100 
-75 -50 -25 0 25 50 75 100 125 150 10 100 14k 10k 100k 1M 10M 100M 
Ta — Free-Air Temperature — °C f — Frequency — Hz 
Figure 20 Figure 21 
COMMON-MODE REJECTION RATIO SUPPLY VOLTAGE REJECTION RATIO 
VS VS 


FREQUENCY FREQUENCY 


Vcec+ = £15 V 


Ksyp — Supply Voltage Rejection Ratio — dB 


10 100 1k 10k 100k 1M 10M 100M 10 100 1k 10k 100k 1M 10M 100M 
f — Frequency — Hz f — Frequency — Hz 
Figure 22 Figure 23 
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TYPICAL CHARACTERISTICS 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
vs vs 
SUPPLY VOLTAGE © SUPPLY VOLTAGE 


Vip = 100 mV 
Vo = 0 

Ta = 25°C 
JG Package 


Vo = 0 
Tax Orc 
JG Package 


los — Short-Circuit Output Current — mA 
los — Short-Circuit Output Current — mA 


G2 ee 618 ae ee 8 28 22 o2> 4 ee 10 ae ee 6 re ee 22 
IVcc+| — Supply Voltage — V IVcc+| — Supply Voltage — V 
Figure 24 Figure 25 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
vs vs 
ELAPSED TIME _ ELAPSED TIME 
—45 


Vec¢ = +15V 
Vip = —100 mV 
Vo= 0 

Ta = 25°C 

JG Package 


Voce = £15 V 
Vip = 100 mV 
Vo=0 

Ta = 25°C 

JG Package 


1 
S 
o& 


-41 


-39 


-37 


los — Short-Circuit Output Current — mA 
los — Short-Circuit Output Current — mA 


t- Time -—s t- Time -s 


Figure 26 Figure 27 
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TYPICAL CHARACTERISTICS 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
; Vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
46 
Voc+ = t15V Vec+ = t15V 
Vip = 100 mV t Vip = —100 mV 
A 2 
S 
5 
oO 
5 38 
& 
3 
Oo 
3 
2 34 
2 
) 
fo 
” 
; 30 
2) 
oo 
26 


-75 -50 -25 0 2 50 75 100 125 150 


Ta — Free-Air Temperature — °C 


Figure 28 


SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 


Vo = 0 
No Load 


See 


TA = 25°C 


an 
Ta = —55°C 


72. 14 16 36 20-22 
eesti! Supply Voltage — V 


Figure 30 


-75 -50 -25 0 25 50 75 100 125 150 
Ta — Free-Air Temperature — °C 


Figure 29 


SUPPLY CURRENT 
Vs 
FREE-AIR TEMPERATURE 


Vecs = 
Vo = 0 
No Load 


loc — Supply Current —- mA 


“-75 -50 -25 0 25 50 75 100 125 150 
Ta — Free-Air Temperature — °C 


Figure 31 
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Vo — Output Voltage — mV 


100 


3 


— 100 


Vn — Equivalent Input Noise Voltage — nV/VHz 


4 
[=] 


TYPICAL CHARACTERISTICS 


SMALL-SIGNAL 
PULSE RESPONSE 


0 100 200 300 400 
t — Time — ns 
Figure 32 
EQUIVALENT INPUT NOISE VOLTAGE 
FREQUENCY 


Veoc+ = t15V 

Rg = 1002 

Ta = 25°C 

See Figure 2 

Sample Size = 100 Units 
From 2 Wafer Lots 


f — Frequency — Hz 


Figure 34 


Vo — Output Voltage - V 


Noise Voltage — nV 


LARGE-SIGNAL 
PULSE RESPONSE 


Vec+ = t15V 
Ayp = 5 


Ci = 100 pF 
Ta = 25°C 
See Figure 1 


t — Time — ps 
Figure 33 


NOISE VOLTAGE 
(REFERRED TO INPUT) 
OVER A 10-SECOND INTERVAL 


Voc+ = +t15V 
f= 0.1 to 10 Hz 
Ta = 25°C 


t-— Time -s 


Figure 35 
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TYPICAL CHARACTERISTICS 


GAIN-BANDWIDTH PRODUCT 
vs 
SUPPLY VOLTAGE 


Gain-Bandwidth Product — MHz 


GAIN-BANDWIDTH PRODUCT 
Vs 
LOAD CAPACITANCE 


O° -.2 34 8 Se A tS A I 1 oe ae 100 400 1000 | 10000 
IVoc+| — Supply Voltage — V Cy — Load Capacitance — pF 
Figure 36 Figure 37 
SLEW RATE PHASE MARGIN 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 

Voce = t15V 

Ayp = 5 

Ryu = 2kQ 

Cy = 100 pF 
Ge aii : TAT 
” D 
l o 
£ = 46° 
& a aa 
7) i 
= HEHEHE 

38° 
-75 -50 -25 0 25 50 75 100 125 150 0 2° 4° 6-6 10-12 © 16S 18.2 Ze 
Ta — Free-Air Temperature — °C IVoc+| — Supply Voltage — V 
Figure 38 Figure 39 
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TYPICAL CHARACTERISTICS 


PHASE MARGIN PHASE MARGIN 
oy Vs 
LOAD CAPACITANCE FREE-AIR TEMPERATURE 
55° 
Vocs = £15V 
Ru = 2kQ 

53° 
ro = 
D Sy 

S a et 
o 
3 : 
a a 

i ; 49° 
€ € 

Det Ut By 

Lill aii 45° 

100 400 4k 10k -~75 -50 -25 0 25 50 75 100 125 150 
Ci — Load Sat — pF Ta — Free-Air Temperature — °C 
Figure 40 Figure 41 


APPLICATION INFORMATION 


macromodel information 


Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel (see Note 6) and subcircuit in Figures 42 and 43 were generated using the TLE2037M typical 
electrical and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 


Gain-bandwidth product 
Common-mode rejection ratio 
Phase margin 

dc output resistance 

ac output resistance 
Short-circuit output current limit 


Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 


NOTE 6: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Integrated Circuit Operational Amplifiers”, /EEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 


PSpice and Parts are trademarks of MicroSim Corporation. 


Macromodels, simulation models, or other models 

provided by ii, directly or indirectly, are not 

warranted by Ti as fully representing all of the TEXAS 
specifications and pangiege | characteristics of the 

semiconductor product to which the model relates. INST RUMENTS 
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APPLICATION INFORMATION 


macromodel information (continued) 


Voc+ 


Vec- 


Figure 42. Boyle Macromodel 


.subckt TLE2037 12345 


* 


cl 5 a 
c2 6 
dc 5 
de 54 
dlp 90 
din 92 
dp 4 
egnd 99 
fb a 
ga 6 
gcm 0 
iee 10 
hlim 90 
ql 5 ie 
q2 12 
r2 6 
rel 3 
re2 3 
reli i3 
re2 14 
ree 10 
rol 8 
ro2 7 
rp 3 
vb ) 
vec 3 
ve 54 
vlim 7 
vlp 91 
vin 0 
model dx 


12 


92 


14.74E-12 
7. 500E-12 


RRR oo 


poly(2) (3,0) (4,0) 0.5 .5 


poly(5) vb vc ve vlp vin 0 923.4E6 -800E6 800E6 800E6 -800E6 


41°12 2.1235-3 
10 99 597.7E-12 
dc 56.26E-6 
vlim 1K 


dc 40 


D(Is=800.0E-18) 
NPN (Is=800.0E-18 Bf=7.031E3) 


Figure 43. Macromodel Subcircuit 
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TLE2037M, TLE2037AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


APPLICATION INFORMATION 


input offset voltage nulling 


The TLE2037M series offers external null pins (OFFSET N1, OFFSET N2) that can be used to further reduce 
the input offset voltage. The circuit of Figure 44 can be connected as shown if the feature is desired. If external 
nulling is not needed, the null pins may be left unconnected. 


1kQ 
Vcoc+ 
‘ikcs 4.7kQ 

Vec+ 4.7 kQ 
IN- IN- 

OUT OUT 
IN+ IN+ 

Voc- Vec- 

(a) STANDARD ADJUSTMENT (b) ADJUSTMENT WITH IMPROVED SENSITIVITY 


Figure 44. Input Offset Voltage Nulling Circuits 
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PRODUCTION DATA information is current as of 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


available features 


e Excellent Output Drive Capability 
Vo = £2.5V Minat R, = 100Q, 
Vec+ = £5V 
Vo = £12.5V Min at Ry = 600, 
Vec+ = £15V 
e@ Low Supply Current ... 280A Typ 
e High Unity-Gain Bandwidth ... 2.1 MHz Typ 
e High Slew Rate ... 3.4 V/us Typ 
e Macromodels Included 
description 


The TLE2061M, TLE2061AM, and TLE2061BM 
are JFET-input, low-power, precision operational 
amplifiers manufactured using Texas Instruments 
Excalibur process. These devices combine 
outstanding output drive capability with low- 
power consumption, excellent dc precision, and 
wide bandwidth. 


In addition to maintaining the traditional JFET 
advantages of fast slew rates and low input bias 
and offset currents, the Excalibur process offers 
outstanding parametric stability over time and 
temperature. This results in a “precision” device 
remaining precise even with changes in 
temperature and over years of use. 


The TLE2061M, TLE2061AM, and TLE2061BM 
are ideal choices for any application requiring 
excellent dc precision, high output drive, wide 
bandwidth, and low power consumption. 


A variety of available package options includes 


TLE2061M, TLE2061AM, TLE2061BM 


EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 


Vo(PP) — Output Voltage Swing - V 


POWER OPERATIONAL AMPLIFIERS 


D3345, OCTOBER 1989 — REVISED OCTOBER 1991 


Wide Operating Supply Voltage Range 


+3.5Vto+20V 
280 V/mV Typ ~ 
. 500 pV Max 


Low Offset Voltage Drift With Time 
0.04 nV/mo Typ 


Low Input Bias Current ... 


VcC+ = 
High Open-Loop Gain ... 
Low Offset Voltage .. 


5 pA Typ 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE SWING 


VS 
LOAD RESISTANCE 
Vecs = £5V 


tee | (HIM Ili 
A ol 

Be ant | {III 
CTIA LN ET 


10 


1k 
Ri — Load Resistance — Q 


small-outline and chip-carrier versions for high-density system applications. 


These devices are characterized for operation over the full military temperature range of —55°C to 125°C. 


AVAILABLE OPTIONS 


Vio max 
AT 25°C 
— 55°C 500 pV 
to 
125°C 


1.5 mV 
3 mV 


ublication date. 


CHIP CERAMIC 
CARRIER DIP 
(FK) (JG) 


TLE2061BMJG 
TLE2061AMFK | TLE2061AMJG 
TLE2061MFK | TLE2061MJG 


Exas W 


Be ete eee 


Copyright © 1991, Texas Instruments Incorporated 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


JG PACKAGE | FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


OFFSETNi[]1 LJ af]Nc 


Zz 
IN - 711 Voc + if 
IN+[]3 6 ]OUT hg Berar, ae 
Voc—-[]4 = 5] OFFSET N2 20222 
‘Saad | etal | bates || ino 5 Hoel 
a mut 
NC | /4 18]} NC 
IN— []5 171] Voc + 
Nc |]6 16[] N 
IN+]]7 15|} OUT 
NC {8 141] NC 
9 
| 
2 4229 
Bete 
tL 
NC — No internal connection O 


equivalent schematic 


Monta ai RU cone a oa ia 
ia as ec 
Q2 Qs 
omerm—f | 
OFFSET N2 38 
Bt fie fe Be TT | ew! 
1.1kQ 1.1 kQ 


All component values are nominal. 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


DH NONGGS; Vise 1 (SOU TUNG Cedar tity pkg oa bE Meek Spee se eGR ee ea bea Ores 22 V 
Pe Mee ys RE Cn SS. oS ee ee ne eee Pe eae —22 V 
DMPO rita tent VOOR CROM et 2) iy nc. pene ee so oh oe eee dia Cea ea pbs GAS Oh ha +44 V 
EFUB are nef ay 8 I) rss 5 a ob ee eos See AN ee a eee Rees Voc- to Veco 
PRUNE CSITOING “TE Pt cede en wee Se ee 0a Roper Fae WT BS hg vk dw av bo EE See eS +1 mA 
eo LS SEES One gy SRDS Ss PI RR Nir E-erap cringe ORME, IEE Sor kek Oni tae +80 mA 
RA PROT OC NEP a SIU 9k oad ee ee ESO LE Oe ee be a be We OE 80 mA 
Bi ge eRe wae) eg oie ok | SEP a grees Ai RRR Te iri MnCT ratnergs Berm 1 srunenerirroreneey 80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............. 0... ce eee eee unlimited 
Sir ita PO WG Ate sacs. sas LK Vn Gat kas Obes fen oe eee See Dissipation Rating Table 
Operating free-air temperature range, TA cect eee eeeeees — 55°C to 125°C 
eae rene eat Se bia inls a ik ks whe kh che wee eae —65°C to 150°C 
Cage renioormnire 10f 0) secunus. Fi. DaCkage: oe mk 6 ss ee A oe Cv cs ce a ee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ................... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta $ 25°C DERATINGFACTOR T,=70°C Ta, = 85°C Tp = 125°C 
POWER RATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 


PACKAGE 


1375 mW 11.0 mW/°C 
1050 mW 8.4 mW/°C 


recommended operating conditions 


SE ae oe ee meen ae cane eee ememRS SDS 


Voos = #8 
Common-mode input voltage, Vic Voc+ = £15 V fe Ree ae 
Operating free-air temperature, Ta 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
LPOWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = +5 V 


es Se MIN _TYP_ MAX 
| 
| 


UNIT 


eos oe ar 
Fulrangal]———S~S 
aa | eT 


Input offset voltage mV 


MIO Full range 


Full range 
Full range 
Full range V/°C 
pV/mo 


Fullrange 


IN 
0.004 
1 
— 1.6 -2 
25°C to to 
4 6 

Full range 

75 93 


aVig Temperature coefficient of input offset voltage 
Input offset voltage long-term drift (see Note 4) 


lio Input offset current 


p 
n 

lip Input bias current 
n 


A 
A 
A 
V 
VicR Common-mode input voltage range 
V 


foe 
| 


pare ee ae 
a a 
aA rare Ab 
pee ee 
WAR 2S ies 
eNOS. FRE ROES 
meee a Boe ed 
Cnet: eel 
ieee Ss 
; Rae SS aes 
Vom, Maximum positive peak output voltage swing is — SC era 
as 88 ec | 
eS a 
coli Bite Lee Se 

Re a 
Vo = +28V, Ri = 10kQ a= 
i ee 

tee a 

esen sare Cer 

Ones, aie are 

Er adt  Me eo] 

eaioersicke ans 

a ee 

Bt eeeve sees) sc 

Me a a, 

Ta i 

eS ie 


25°C 

25°C 
Vo = 0to-2.5V, Ry = 6002 Pe 
Full range 


i__laput resistance ea Te os 
ej _lnput capacitance pee ce eee 
Zo Open-loop output impedanes eee yo 


Gr % Rg = 50Q, x, 
CMRR Common-mode rejection ratio s 
Vic = VicR min Full range 
es Voc+ = +5 Vto+20 V, 
KsypR_ Supply-voltage rejection ratio (AVoo+/AVjo) re 
- Rs = 502 Full range 
ise: .Sapply current ce eS 
Fullrange| _—_—=C~C | 
Supply current change over 
Aloc Full range 
operating temperature range 
TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life testat Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


Vom— Maximum negative peak output voltage swing 


Ayp _ Large-signal differential voltage amplification V/mV 


ed Be 
O1O 


pF 


i) 
QO, O 


yA 


e 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vcc+ = +5V,Ta = 25°C 


TEST CONDITIONS MIN TYP MAX 
ae 
VN(PP) Sean Sauiverent neat f = 0.1 Hz to 10 Hz 


Equivalent input noise current f= 1 RHz fA/VH 


In : : 
See Ayp = 2, f = 10 kHz, X 
THD Total harmonic distortion Vee at RL = 10ka 0.025% or 
By 


Unity-gain bandwidth Ry = 10 kQ, Cy = 100 pF 1.8 MHz 
(see Figure 3) Ry = 600 Q, Cy. = 100 pF 
ae 0.1% 
Settling time 001% 10 ps 
Maximum-output-swing 
B Avp = 1, Ry = 10kQ kHz 
OM bandwidth ia s cc 


Phase margin at unity gain Ry_ = 10 kQ, Cy, = 100 pF 
9m (see Figure 3) Ri = 600Q, Cl = 100 pF 75° 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Voc + = £15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Vio __ Input offset voltage 


V/°C 
V/mo 


aVig Temperature coefficient of input offset voltage 


Input offset voltage long-term drift (see Note 4) 


= 


= 


< 


| Input offset current = 
10 
erage ie SOSA 2 SE 
—-11 .-12 
to to V 
, 13 16 
VicR Common-mode input voltage range 
aye eS 
13 13.7 
Vom, Maximum positive peak output voltage swing ai V 
R; = 600Q 
25°C —-13 -—13.7 
| RL = 10k0 | 25°C _| 
” [aoe [126 13 
R; = 6002 
Ge er ea 
OS a ee 
mapas ae ee ae eae 
Ayp __Large-signal differential voltage amplification Vo = Oto 8 V, Ry = 600 2 eee VimV 
Full range 
ce 5 Ee ees ae 
se paeieh siiineN als ushers 
Po cameempe ee ee 
Pela eowe ee te ee 
Zo __ Open-foop output impedance tent ee ee eS 
Dag Rs = 500, ce. a 
CMRR Common-mode rejection ratio s , = i 
Vic_= Vicr min Fullrange] 65 
ee Vocu = 5 VIF 18V, Sloe 
ksyrR_ Supply-voltage rejection ratio (AVoCcWAVio) hg . 0 = po Sie, Z = cs 
+ S's 
Icc —- Supply current 
Supply current change over 
Alcc operating t az 
g temperature range 


TFull range is — 55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vcc+ = +15 V 


PARAMETER TEST CONDITIONS MIN TYP MAX 
Slew rate at unity gain 
R = = 
- (see Figure 1) Sea dade i Sede A i Full range 
y Equivalent input noise voltage f = 10 Hz, Rs = 1002 25° 
n (see Figure 2) f = 1 kHz, Rs = 100 25° 
Peak-to-peak equivalent input 
VPP) : o-peak equivalent inpu SO 1 Hs es ioe 
noise voltage 


Equivalent input noise current f = 1kHz 20" 


7m : 
was Avp = 2 Keates 
THD Total harmonic distortion Vorpp) = 2V, Ri = 10kQ 


B Unity-gain bandwidth Ry = 10 kQ, Cy, = 100 pF 26° 
1 (see Figure 3) Ri = 600 Q, C, = 100pF 25° 


0.01% 


Maximum-output-swing 
POM _bandwiath Avp = 1 RL = 10k2 


Phase margin at unity gain Ry = 10 kQ, Cy = 100.pF 25° 
9m (see Figure 3) Ri = 600 Q, Cl = 100 pF 25° 


Full range is — 55°C to 125°C. 


m | rm]r nm nm nm] 4 
Q [ayn on on as 
° oj; oOo ° °o ° 
She) CMA? Ge pe: Ce) Bo ee coe! MS ee Ee 1?) 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = +20 V (unless otherwise noted) 


Pig was Ger en ee |, a GeemONS MIN TYP MAX | _UNIT 
jeg ee ier a 


Vio _ Input offset voltage 


aVig Temperature coefficient of input offset voltage 


Input offset voltage long-term drift (see Note 4) 


lio ——sInput offset current 


noe P=) 
>| > 


lip Input bias current 


> 
> 


VicR Common-mode input voltage range 


Saree 
= Full range | 
=18 187 
aL Oe Full range | — 17.5 
nn te 
L* Full range 
25°C 
Vo <tisy, — R= hate 


Full range 


_ 
ee) 


ss 
N 


8 


Fullrange}| 17.5 


Vom, Maximum positive peak output voltage swing 


= 
x 

re) 

3 
a 

>) 


Vom— Maximum negative peak output voltage swing 


Ayp __Large-signal differential voltage amplification Vo =0to10V, Ry, = 6002 


ae ee 
a idan Resa | 7 Ce SSR 
re eee aeeier EE 
eee SaREGSE.S Manion 


V/mV 


Zo Open-loop output impedance 
CMRR Common-mode rejection ratio Rg = 50Q, 75 91 
Mic = Vion min Fulrange| 65 
ksyr_ Supply-voltage rejection ratio (AVecW/AVj9) Voc+ = +5 Vto+20V, 7598 
- oe Fulrange| 65 
300 375 


loc Supply current 


re Supply current change over 
cc operating temperature range ronan 
TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vcc+ = +20 V,T, = 25°C 


Slew rate at unity gain 

SR = = 
(see Figure 1) ES es St 
V Equivalent input noise voltage f = 10 Hz, Rs = 1002 
” (see Figure 2) f = 1 kHz, Rs = 100Q 
Peak-to-peak equivalent input 
VPP) “ o-peak equivalent inpu oa ies Ge ioie 
/ noise voltage 


| Equivalent input noise current 


n 
TH Total harmonic distortion 


3 Unity-gain bandwidth 
| (see Figure 3) 


Settling time 


Maximum-output-swing 
BOM bandwidth 

Phase margin at unity gain 
$m (see Figure 3) 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


10 kQ 
Vo 
Vi Vo 
Vec- 
CL RL 
(see Note A) Vec- 
Rs Rs 
NOTE A: Cy includes fixture capacitance. = = 
Figure 1. Slew Rate Test Circuit Figure 2. Noise Voltage Test Circuit 


10 kQ 


NOTE A: Cy includes fixture capacitance. 


Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 
typical values 
Typical values presented in this data sheet represent the median (50% point) of device parametric performance. 
input bias and offset current 


At the picoamp bias current level typical of the TLE2061M, TLE2061AM, and TLE2061BM, accurate 
measurement of the bias current becomes difficult. Not only does this measurement require a picoammeter, 
but test socket leakages can easily exceed the actual device bias currents. To accurately measure these small 
currents, Texas Instruments uses a two-step process. The socket leakage is measured using picoammeters 
with bias voltages applied but with no device in the socket. The device is then inserted into the socket and 
a second test that measures both the socket leakage and the device input bias current is performed. The two 
measurements are then subtracted algebraically to determine the bias current of the device. 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


table of graphs , 


Vio Input ofeet voltage 


; vs Common-mode voltage 
iB Input bias current 
vs Temperature 


jo._rput oft caren 
VicR Common-mode input voltage range limits 


s 7 
: : s Output current 8,9 
Vom Maximum peak output voltage swing ve. {Gabelivelaese 10.11.12 
s 
s 


Vorpp Maximum peak-to-peak output voltage 13, 14, 15 
16 


Vv 
Vv 
Vv 
: R eS vs Frequency 
A Diff tial voltage amplificati 
Vv 
Vv 
Vv 


s 
s 
s Temperature 
Hh Wig > Oteiweme | | ere. ee 
[_CMAR_Common-mode rejecionratio ___—_—+(| vs Frequency | TS 
vs 
: lee 


Supply voltage 
Large-signal 26, 27 


Va ____ Equivalent input noise voltage ee ea a 
THD Total harmonic distortion Mi eee 


s 
: . vs Supply voltage 32 
B Unity- bandwidth 
, Awe ‘ vs Temperature 33 


vs Supply voltage 
mn Phase margin vs Load capacitance 
vs Temperature 


Phase shit 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
TLE2061M | INPUT BIAS CURRENT 
DISTRIBUTION OF VS 
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE 
736 Amplifiers Tested From 3 Wafer Lots 
Vec+ = £15V 
Ta = 28°C So 
‘i JG Package Me 
o i: 
= 2 
é 8 
< ” 
‘5 & 
: : 
ry 2 
é o 7 7 
Ss ee aoe 0 
i.e oe oe 0 1 2 3 4 - 20 -15 -10 -5 0 5 10 15 20 
Vio — Input Offset Voltage — mV Vic — Common-Mode Input Voltage — V 
Figure 4 Figure 5 
INPUT BIAS CURRENT COMMON-MODE 
and INPUT OFFSET CURRENT INPUT VOLTAGE RANGE LIMITS 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc+ 


Voc- +4 


M{) 


\ 


‘ 


Negative Limit 


—— 


Vec- +3 


crane 
eee 
oes 
a 
aS 
aero: 


A 
SEEN I Eee a ee 

Se ARSE Si ee eel 

i _<R USE Sa 

a A SS 

—— —— 

i nenniuiinetcned’l EOE SE Es 

| ELIE eS ae Seas, UP Pe eT 
EES SE 
See RS 

ML See DEER 


\ 


l1B and lio — Bias and Offset Current — pA 
Vic — Common-Mode Input Voltage — V 


Voc- +2 
25. 45 65 85 105 125 -75 -50 -25 0 25 SO 75 -100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
Figure 6 Figure 7 
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Vom+ — Maximum Positive Peak Output Voltage — V 


Vom — Maximum Peak Output Voltage — V 


20 


15 


TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
MAXIMUM POSITIVE PEAK MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS VS 
OUTPUT CURRENT OUTPUT CURRENT 


=~ 

> 
i 
ed 
o1 
OQ 


© BR RGE Be 


Vom— — Maximum Negative Peak Output Voltage — V 


ee ae 


0 5 a0: 98:5: 20 28. We G85 
Io — Output Current - mA Io — Output Current — mA 


Figure 8 Figure 9 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 

See ae 

Ta = 25°C “ot 
EO Daren 

— | 


Vom — Maximum Peak Output Voltage — V 


Oe FE 8 OG ae) as 16; ATS 
IVoc+| — Supply Voltage — V \Voc+| — Supply Voltage - V 


Figure 10 Figure 11 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
LPOWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
| MAXIMUM PEAK-TO-PEAK 
MAXIMUM PEAK OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE FREQUENCY 


Vom — Maximum Peak Output Voltage — V 
VocPP) — Maximum Peak-to-Peak Output Voltage — V 


Bie 


I\Vec+| — Supply Voltage - V f — Frequency — Hz 
Figure 12 Figure 13 
MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS VS 


FREQUENCY FREQUENCY 


20 


> 
I 
® 
oD 
s 
Ss 
> 
at 
=) 
2 
=) 
fe) 
x 
© 
® 
4 
& 15 
x 
.S] 
® 
a. 
E 
a) 
E 
bas 
i) 
= 
1 
a 
a 
o 
> 


ll 
CENCE 
CUA LUT LUT 
CATS UM TUT 
a 


10 


a ae 
CC ETINECTT 
PLT HI LPs Tl 


Vocpp) — Maximum Peak-to-Peak Output Voltage — V 
Nh 
Oo 


10k 100 k 1M 10M 10k 100 k 1M 10M 
f — Frequency — Hz f — Frequency — Hz 
Figure 14 Figure 15 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
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TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION and PHASE SHIFT LARGE-SIGNAL VOLTAGE AMPLIFICATION 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 
120 400 
ott > 
iO 
| 400 tf 350 
| ee 
c SS ee 
e = a OR iL pacdateonte Piss 
‘ Pelee SN 
CC+ = 
g a oh 200 ‘ thee ee fee 
; oe MNES eS eae 
:° or ie 
l 
= a 3 150 
© r= 
Et | Ee I s, 
= Voc+ = +15V = 100 RSE SS PRESS] 
; Rp = 10kQ a =~ +5V 
a °l co = 100pF AER eat 0 
< > 
=20 — 
0.1 1 10 100 ik 10k 100k 1M 10M a 75 RR 25 50 75 100 125 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 16 Figure 17 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
vs vs 
ELAPSED TIME FREE-AIR TEMPERATURE 
: : 
| I 
6 6 
z 2 
8 8 
5 9 
5 6 
nA a 
| I 
38 8 
~7§ ~50 -25 -0 28° 80° 75. 406 485 
t-Time-s Ta — Free-Air Temperature — °C 
Figure 18 Figure 19 
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TLE2061M, TLE2061AM, TLE2061BM 


EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 


POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


OUTPUT IMPEDANCE 


VS 
Vec+ = +15V 
Ta = 25°C 


FREQUENCY 


- wcll 
{en el 


1000 


100 id 
eel ected 20a 
; 10 Wr iC rll 
Teall 
H 4: Wall ahi 
eal as 
4 
a 0.1 ail we 
20 a 

“FETC 

aie 400 1k 10k 100k 1M 
f — Frequency — Hz 
Figure 20 
SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 
340 
Vo = 0 

320 
< 
a 
2 300 
6 
= 
a 
Fr 280 
g 


Gre Re a a ae 


12 
I\Vcc+| — Supply Voltage —- V 


14 16 18 20 


Figure 22 


CMRR — Common-Mode Rejection Ratio — dB 


lcc — Supply Current — pA 


COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


320 


300 


280 


260 


240 


-75 -50 -—25 


1k 


10k 
f — Frequency — Hz 


100 k 


Figure 21 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 


B22 


Voc+ = t5V 
Sa 
0 25 50 7 


2 


§ 100 125 
Ta — Free-Air Temperature — °C 


Figure 23 
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TYPICAL CHARACTERISTICS 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL SMALL-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


100 


on 
o 


Vo-— Output Voltage - mV 
oO 

Vo- Output Voltage — mV 
Oo 


Vocs = +5V Vec+ = t15V 
-50 Ry = 10 kQ -50 Ru = 10 kQ 
Cy = 100 pF Cy = 100 pF 
Ta = 25°C Ta = 25°C 
See Figure 1 See Figure 1 
—100 —100 
0 1 2 3 0 1 2 3 
t — Time — ps t — Time — ps 
Figure 24 Figure 25 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 
15 
Voc+ = t15V 
Ry = 10 kQ 
10F cy) = 100 pF 
> > Ta = 25°C 
1 i 5 See Figure 1 
o © 
3 g 
3 CS 
2 = 
6 6 
O V +5V Bret 
CC+ = 
” Rp = 10ka mn 
Cy = 100 pF -10 
Ta = 25°C 
See Figure 1 
-—15 
0 5 10 15 
t — Time — ps t — Time — ps 
Figure 26 Figure 27 
2 
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TYPICAL CHARACTERISTICS 


Noise Voltage — pV 


4-370 


NOISE VOLTAGE 
(REFERRED TO INPUT) 
OVER A 10-SECOND INTERVAL 


f = 0.1to 10 Hz 


source signal || UII IAA 
Cit Pires ov 


10 100 1k 10k 100 k 
f — Frequency — Hz 


Figure 30 


Vn — Equivalent Input Noise Voltage — nVNHz 


EQUIVALENT INPUT NOISE VOLTAGE 
VS 
FREQUENCY 


See Figure 2 


1 100 10k 
f — Frequency — a) 
Figure 28 Figure 29 
TOTAL HARMONIC DISTORTION TOTAL HARMONIC DISTORTION 
vs vs 
FREQUENCY FREQUENCY 

0.3 0.6 
ze bea = 2V x VO(PP) = =2V 
1 O5F T, = 25°C 
5 02 S 0.4 
” ” 
a Mi | a i 
2 Ly 
5 5 0.3 
aN ata | ae eee fe Ly 
=< = 
S 01 S 0.2 
2 | e my 
I / I Bcheshen so el vil 
a Y 2 pen 
~ pe 9 
e 


10 100 
f- tae ta 


Figure 31 
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100 k 


By — Unity-Gain Bandwidth — MHz 


dm — Phase Margin 


TLE2061M, TLEZ061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH 
VS VS 
SUPPLY VOLTAGE | FREE-AIR TEMPERATURE 


Ryu = 10 kQ 
Ci = 100 pF 
Ta = 25°C 
See Figure 3 
— 


N 
ed 
= 
i 
£ 
ee oes es : 
ae ; 
c 
sd 
co 
= 
oO 
9 
= 
: ¢ 
> 
1 
oO Rp = 10kQ 
Cy. = 100 pF 
See Figure 3 
1 
o 2:4. .8 8s 1842 8 36-2 -75 -50 -25 0 25- 80 — 75°" 106-326 
IVoc+| — Supply Voltage - V Ta — Free-Air Temperature — °C 
Figure 32 Figure 33 
PHASE MARGIN PHASE MARGIN 
VS F VS 
SUPPLY VOLTAGE LOAD CAPACITANCE 
Ry = 10 kQ Voc: = £15V 
Ci = 100 pF Ri = 10 kQ 
Ta = 25°C Ta = 25°C 
See Figure 3 See Figure 3 
Cc 
D 
o 
- = 
Ba ® 
” 
epee eteetes i 
Z| a 
Ee 
s 
o.-2 . > 4 2 aa a a 0 200 400 600 800 1000 
IVcc+| — Supply Voltage — V C,. — Load Capacitance — pF 
Figure 34 Figure 35 
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TYPICAL CHARACTERISTICS 


PHASE MARGIN 
VS 
FREE-AIR TEMPERATURE 


Ry = 10kQ 
Ci = 100 pF 
See Figure 3 


¢m — Phase Margin 


Ta — Free-Air Temperature — °C 


Figure 36 


APPLICATION INFORMATION 


macromodel information 


Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel (see Note 5) and subcircuit in Figure 37 were generated using the TLE2061M typical electrical 
and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 


Unity gain frequency 
Common-mode rejection ratio 
Phase margin 

dc output resistance 

ac output resistance 
Short-circuit output current limit | 


_ Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 
Quiescent power dissipation 
Input bias current 
Open-loop voltage amplification 


NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Integrated Circuit Operational Amplifiers”, IEEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 


Parts and PSpice are trademarks of MicroSim Corporation. 

Macromodels, simulation models, or other models provided by TI, 

= sige - =e ” — by Tl as full eprecenteg a of jf 
the specifications and operating characteristics of the semiconductor TEXAS 


product to which the model relates. 
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APPLICATION INFORMATION 


macromodel information (continued) 


.subckt TLE2061 12345 


cl La 
c2 6 
dc § 
de 54 
dip 90 
din 92 
dp 4 
egnd 99 
fb 3 
ga 6 
gcm 0 
iss 3 
hlim 90 
j1 11 
j2 12 
xz 6 
rdl 4 
rd2 4 
rol 8 
ro2 7 
rp 3 
rss 10 
vb g 
ve 3 
ve 54 
Tiim' 7 
Tip -- 3 
vin 0 
model dx 
model jx 
ends 


12 
7 
53 
5 
91 
90 


92 


1.457E-12 
15.00E-12 


poly (2)..44, 9} (4,9) 9:5 .5 

poly(5) vb vc ve vlp vin 0 4.357E6 -4E6 4E6 4E6 -4E6 
11 12 188.5E-6 

10 99 3.352E-9 

dc 51.00E-6 

vlim 1K 

10 jx 

10 jx 

100.0E3 

5.305E3 


dc 50 
dc 50 


D(Is=800.0E-18) 
PJUF (Is=2.000E-12 Beta=423E-6 Vto=-1) 


Figure 37. Boyle Macromodel and Subcircuit 
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APPLICATION INFORMATION 


input characteristics 


The TLE2061M, TLE2061AM, and TLE2061BM are specified with a minimum and a maximum input voltage 
that, if exceeded at either input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLE2061M, 
TLE2061AM, and TLE2061BM are well suited for low-level signal processing; however, leakage currents on 
printed circuit boards and sockets can easily exceed bias current requirements and cause degradation in 
system performance. It is a good practice to include guard rings around inputs (See Figure 38). These guards 
should be driven from a low-impedance source at the same voltage level as the common-mode input. 


VI ’ 
4 Vo VI 
sl oe e 9 
VI 
R3 
R4 
WHERE = ao ti 
R4 


Figure 38. Use of Guard Rings 


input offset voltage nulling 


The TLE2061M series offers external null pins that can be used to further reduce the input offset voltage. The 
circuit of Figure 39 can be connected as shown if the feature is desired. If external nulling is not needed, the 
null pins may be left disconnected. 


OFFSET N2 


OFFSET N1 


5 kQ 
Vec- 


Figure 39. Input Offset Voltage Nulling 
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D3346, OCTOBER 1989 — REVISED OCTOBER 1991 


available features 


e Excellent Output Drive Capability e Macromodels Included 
ih? erative as va e Wide Operating Supply Voltage Range 
YORE =r Voce = £3.5V to +20V 
Vo = +12.5V Minat Ri = 600Q, CCL = =~ 
Vec+ = £15V e High Open-Loop Gain ... 280 V/mV Typ 
e Low Supply Current ... 280A Typ e Low Offset Voltage ... 1mV Typ 
et Annet e Low Offset Voltage Drift With Time 
e High Unity-Gain Bandwidth ... 2.1 MHz Typ 0.04 nV/mo Typ 
e High Slew Rate ... 3.4 V/us Typ e Low Input Bias Current ... 5pA Typ 
description MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE SWING 
The TLE2062M and TLE2062AM are JFET- vs 
input, low-power, precision operational amplifiers LOAD RESISTANCE 
manufactured using Texas Instruments Excalibur 10 


process. These devices combine outstanding 
output drive capability with low power 
consumption, excellent dc precision, and wide 
bandwidth. 


In addition to maintaining the traditional JFET 
advantages of fast slew rates and low input bias 
and offset currents, the Excalibur process offers 
outstanding parametric stability over time and 
temperature. This results in a “precision” device 
remaining precise even with changes in 
temperature and over years of use. 


The TLE2062M and TLE2062AM are ideal 
choices for any application requiring excellent dc 
precision, high output drive, wide bandwidth, and 0 


low power consumption. 10 100 1k 10k 
R, — Load Resistance - Q 


Vec+ = t5V 
Tg = 25°C 
aa ea ae 
a TI 


Vo(PP) — Output Voltage Swing — V 


These devices are characterized for operation 
over the full military temperature range of —55°C 


to 125°C. 
AVAILABLE OPTIONS 
PACKAGE 
: Vig max CHIP CERAMIC 
A | atT25°C | CARRIER DIP 
(FK) (JG) 
— 55°C —_ — se 
to 2mvV TLE2062AMFK | TLE2062AMJG 
125°C 4mV TLE2062MFK TLE2062MJG 
PRODUCTION DATA information is current as of publication date. Products . Copyright © 1991, Texas Instruments Incorporated 
conform to specifications per the terms of Texas Instruments standard vi 
warranty. Production processing does notnecessarily include testing of all 


parameters. 
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JG PACKAGE FK PACKAGE 
(TOP VIEW) — (TOP VIEW) 


NC | 1/4 181} NC 
1IN— |j]5 17|] 2OUT 
Nc {|6 16[] NC 
1IN+[]7 15|]} 2IN- 


NC ]}/8 14]}}] NC 


10 111 


9 

was} uses | aes 
Ooo 
a1 Oe 
O 
> 


13 


fant 
O 
a 


2IN +]. 


NC — No internal connection 


equivalent schematic (each channel) 


ACTUAL DEVICE 
COMPONENT COUNT 


Transistors 


Resistors 
Diodes 
Capacitors 


IN+ 


OUT 


: Voc- 
Component values are nominal. ce 
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EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Bie Voneue, Ver a Sen mare: Tiare 5 Cet 5 a es 65 oo os es oe ne on ed ten Ss aes +22 V 
errr SOU ge Paar 2) ot oe oid tie ete eh wa bw Oo fae bhi ot » ge Gok base ve TAS +44 V 
POR Pi 9 EN i on ds yeaa sce) segs Fi oe Pip eR EN Ew a plete + ae ae ee ee eee Voc+ 
Oper Fe Ct rd soo Pa ating sg Oe =o ohn 2 ews OIE Beas» MSE e's SU ee +1 mA 
RE ilar Wee (CONES S56. vines aor ec ta ae P dy Myles fh eo pie nko pid Nea eg ee ge +80 mA 
TRA Sobers TY Ve eb TOT ys sc es S's 8s whe oe doy Se we En OS Ue lee tee ie 80 mA 
Sa lO GEIEOU OF Ye PO eo 0 ie sno en ne ve bn oes NSE Bate Ii weigh SE ee aldiaes 80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3).............. cc cee ee eee unlimited 
Ceres tier ob Ite ec oc aa cs Oa Soares a he oe ee ok See Dissipation Rating Table 
Opera Wee-ail temperate Tange Tl poss in oie cacy ve leans ods eee ene tee — 55°C to 125°C 
ge eT See eee Se Ce oe eee eR ewer ee Pe reer ree —65°C to 150°C 
Case temperature for 60 seconds: FK package ................ cee eee eee eee ee oa hie xs Brae 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ................... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWERRATING ABOVET,=25°C POWERRATING POWERRATING POWERRATING 
1375 mW 11.0 mW/°C 275 mW 


PACKAGE 


1050 mW 8.4 mW/°C 210 mW 


Supply voltage, Voc+ +3.5 


| MIN MAX | 

EL coke eames’ < 

Common-mode input voltage, Vic Voc¢ = £15V 
Voor = E20 ee 

= Osi ee 


Operating free-air temperature, Ta 
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_ electrical characteristics at specified free-air temperature, Vcc + = +5 V (unless otherwise noted) 


UNIT 
bes SiS: ae 
oh 
or) ae 
Fullrange]SCSC«*S 
Bee Be oe 
Futlrange| 004 _| 
Rem evatis coy 
Riga ir iain) Cuca 


< 


Input offset voltage 
TLE2062AM 


AYIO Temperature coefficient of input offset voltage 


Input offset voltage long-term drift (see Note 4) 


lio Input offset current 
iB Input bias current 


Common-mode input voltage range 


- 1.6 
25°C 


Full range 
25°C 
One | eC | 
Full range 
25°C 
roe 25°e | 
Full range i Waa 
RL 


pA 
nA 


Maximum positive peak output voltage swing 


= 10 ka 
Full range 
ee ee 
R; = 600 Q 
Full range 


Mau eee 

; -2 

to to 

4 6 

3.5 3.7 
=n) eee 
i CR ee 

75 93 
28, ASS 

560 620 
72 


Maximum negative peak output voltage swing 


Full range 


Vo=0025V, R_-s00| 20 _| 
Full range 
Vo=0t0-25V, R,-60a; 2 _| 
Full range 


De tpi Pa ok ae 
ae ee eee 
Ze Open-loop output impedance S.-i eee es Be 


25° 
CMRR Common-mode rejection ratio Vic = VicR min, Rs = 502 aoe 
' Full range 
eS ' Voct+ = +5 V to+ 20 V, 
ksyR Supply-voltage rejection ratio (AVoc+/ AVic) Rg = 50 2 
loc Supply current (two amplifiers) 
=< = : Vo =0, vine Full range 
ie upply current change over opera ing Full rans 
temperature range (two amplifiers) 
TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T, = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


Large-signal differential voltage amplification V/imV 


Q 
pF 
Q 


?) 


mA 


= . < < < < $1S 3 
rom A@) 
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operating characteristics at specified free-air temperature, Vcc+ = +5V 


PARAMETER 
Slew rate at unity gain 2 
SR Ry = 10kQ, Cc; = 10 
(see Figure 1) L L di Full range 
V Equivalent input noise voltage f = 10 Hz, Rs = 
fu (see Figure 2) f = 1 kHz, Rs = 
Peak-to-peak equivalent input 
ViipP) an o-peak equivalent inpu + 54 Met 10s 
noise voltage 


Equivalent input noise current i = 1kHz 


z : 

PROBS AyD = 2, - 

THD Total harmonic distortion Voipp) = 2V, Ry: = 10kQ 
By 


Unity-gain bandwidth R_ = 10 kQ, Cy, = 100 pF 
(see Figure 3) 


Settling time 
g 0.01% 


Box pei output-swing os te 4 RL = 10ka 

Phase margin at unity gain Ry = 10 kQ, Cy = 100 pF 

$m (see Figure 3) R~ = 600 Q, Cy = 100 pF 
TFull range is — 55°C to 125°C. 
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electrical characteristics at specified free-air temperature, V¢cc+ = +15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
| en a a 
TLE2062M Be a 


lra 
AVIC Temperature coefficient of input offset voltage 


< 


Full range 


pibetcncben ss, ales 
-11. 12 
25°C 
BE 


to 
1 
ais 1 
R 
3 
7 


Input offset voltage long-term drift (see Note 4) 


lio Input offset current 
lip Input bias current 


Common-mode input voltage range 


p 
p 
n 


Full range 


& = 
25°C 
ae et oe 
Full range 
25°C -13 -—13.7 
= 10 ka eee 
Full range 


Maximum positive peak output voltage swing 


|< |< | < BBB) 2 |e 
rot A) 


Maximum negative peak output voltage swing 


Ri = 6002 
Full range 


Vo=H0V, RL =10k0 


Vo=0108V, RL =6000 |} 2°_ 


Ves aaa 
WnlbAV. Oo maebolLe eee 


ae ee ee 
Tee aati eellete Elden ane Secaemmmaanen he Sel a | SR 
STE a ee Oia ee ee BP 

Zo Open-loop output impedance site SS ES 92s 


Be ae OR” 
CMRR Common-mode rejection ratio Vic = VicR min, Rs = 502 Fok ranae 
Fulrenge|_ 68 


to 
16 
5 
30 
90 
Voor =ES VEIN, 
25 690 
730 
7 


Large-signal differential voltage amplification V/imV 


ksyvR___— Supply-voltage rejection ratio (AVoco+/ AVi<) Ra -500 


el a ae 

loc Supply current (two amplifiers) | 25°C m 

Vo =0, No fad. Lenerpoe St oe es 

alee upply current change over epers ing fu ranoe 9 
temperature range (two amplifiers) 

TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T, = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


A 
A 
A 
V 
3 
V 
So Gs 
V 
V 
er 
7 
Q 
pF 
Q 
2 
5 
6 
A 


a ee 
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operating characteristics at specified free-air temperature, Vcc+ = +15 V 


PARAMETER TEST CONDITIONS TA 

Siow ra at unity gan cme a een 

SP (soe Figure 1) jeans oe | a | 
Equivalent input noise voltage f = 10 Hz, Rs = 1002 25°C 

V 

"(gee Figure 2) T= 1 kee, Leo ae LS Le ee 
ak-to- ivalent i 

VirpP) Po o-peak equivalent input + Dba tet 10 ke 95°C 
noise voltage 
Equivalent input noise current f = 1kHz 5 ie Cee ae SSRI 


In i i fA/VHz 
art : Ayp = 2, f = 10 kHz, x : 
THD ___ Total harmonic distortion Vestian ot: Rr = 10k2 25°C 0.025% ope 
a Unity-gain bandwidth R, = 10kQ, Cy. = 100 pF Ce SS Sta 
L (see Figure 3) Ri = 600Q, Cy = 100pF Sl Re RS 
Ge | a 2 ae 
0.01% a ROO | RENEE 
Maximum-output-swing 
4g = | =. 10k 25°C 
Phase margin at unity gain Rp = 10kQ, C, = 100pF es RRS ar ee! 
9m (see Figure 3) Ri = 600Q, Cl = 100pF 25°C 70° 


TFull range is — 55°C to 125°C. 
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electrical characteristics at specified free-air temperature, Vcc = +20 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
el OES eg 
TLE2062M Be 


Input offset voltage 
TLE2062AM 


LVIC Temperature coefficient of input offset voltage 
Input offset voltage long-term drift (see Note 4) 


lio Input offset current 


Vic = 9, Rs = 502 


lip Input bias current 


Common-mode input voltage range 


mV 
Ec oA. 
ge |. Be 
= 1 - 
i 
15 18.1 
= 600 
R) = 10 238) 18,7 


Maximum positive peak output voltage swing 


Maximum negative peak output voltage swing 


Ri = 6000 BS, Ba. Se Bee 
Full range 
Vo =+15V, Ry = 10ka |__| 380280 
Q 


Vo = 0 to 10 V, R; = 600 
: 
Vo=0to-10V, A, -600|_2°C_| 


Large-signal differential voltage amplification 


eT Ee Eas. eee Seo 2 
Zo Open-loop output impedance 5. ae eee 


; A Re Bae Rae 91 
CMRR C - jecti ti Vic=Vicnmin, Rg=502 
eee Pale: See 


V +5Vtot20V 25°C 75 93 
kKsyp Supply-voltage rejection ratio (AVoc+/ AVio) eee Q TEETER 


Re = 
loc Supply current (two amplifiers) = 
Vo = 0, rete Full range 
Al Supply current change over operating 
cc temperature range (two amplifiers) 
TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


Full range 
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Equivalentinputnoise current | f=1kHz |. | 26% fA/VHz 


R 
n 
p 
n 
Avp = 2, f = 10 kHz, A 
THD Total harmonic distortion Voupo, = 2, RL = 10kQ 0.025% edhe: 
By 


PARAMETER TEST CONDITIONS TYP 
Slew rate at unity gain 
$ (see Figure 1) iti mie i Meal Full range as 
Equivalent input noise voltage f = 10 Hz, Rs = 1002 25°C 75 
V 
(see Figure 2) = 1 kHz, Rg = 1002 25°C nvNHz 
V 
| 


| Se Ras 
k-to-peak equivalent i 
noise voltage 


Unity-gain bandwidth RL = 10k0, bir | wee | at ee 
(see Figure 3) Ri = 600Q, Ci = 100 pF 9 Aes * ae 
ai uk EP Bea 
ae os RE eR: ean Te Oe” Fe SRT Me Tn 
Maxi - t-swi 
Phase margin at unity gain Ry = 10kQ, Cy = 100 pF a ER BS 
$m (see Figure 3) Ry = 600Q, Cy. = 100 pF 25°C 70° 


TFull range is — 55°C to 125°C. 
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PARAMETER MEASUREMENT INFORMATION 


10 kQ 
Vo 
Vi Vo 
Vcc- 
CL RL 
(see Note A) Vec- 
Rs Rs 

NOTE A: C; includes fixture capacitance. = => 
Figure 1. Slew Rate Test Circuit Figure 2. Noise Voltage Test Circuit 


NOTE A: C includes fixture capacitance. 
Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 


typical values 
Typical values presented inthis data sheet represent the median (50% point) of device parametric performance. 
input bias and offset current 


At the picoamp bias current level typical of the TLE2062M and the TLE2062AM, accurate measurement of the 
bias current becomes difficult. Not only does this measurement require a picoammeter, but test socket leakages 
can easily exceed the actual device bias currents. To accurately measure these small currents, Texas 
Instruments uses a two-step process. The socket leakage is measured using picoammeters with bias voltages 
applied but with no device in the socket. The device is then inserted into the socket and a second test that 
measures both the socket leakage and the device input bias current is performed. The two measurements 
are then subtracted algebraically to determine the bias current of the device. 
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TYPICAL CHARACTERISTICS 


table of graphs 


Vio Input offset voltage Distribution | 


. vs Common-mode voltage 
lip Input bias current 
vs Temperature 


io___lnput offset current 
Vion __Common-mode input volage range 
Vv 


V, Maximum peak output voltage swing pee 8,9 
OM 
Supply voltage 10, 11, 12 


Ss 
Ss 
Ss 
Ss 
$s 
S 
$s 
Ss 


v 
Vv 

: ' ae? vs Frequency 16 

A Differential voltage amplification 
se ies oe vs__ Temperature , 

| Short-circuit output current ve ine 18 

OS E vs Temperature 19 
Vv 


$s 
Py imeem | ve Reena Ps sO 
Ss 
Ss 


(Sl Re DR 
Large-signal 26, 27 
; ; : vs Supply voltage Sy ape 
vs Supply voltage 34 


om Phase margin vs Load capacitance 35 
vs Temperature 36 


Phase shi 
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TYPICAL CHARACTERISTICS 
TLE2062M INPUT BIAS CURRENT 
DISTRIBUTION OF vs 
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE 
1836 Amplifiers Tested From 1 Wafer Lot 
Voc+ = t15V 
Ta = 28°C 
8 JG Package = 
” I 
Po = 
=) 
< : 
° = 
. 3 
o I 
a = 
wt 38 -20 -15 -10 -5 0 oe. 0 A820 
Vio — Input Offset Voltage — mV Vic — Common-Mode Input Voltage — V 
Figure 4 Figure 5 
INPUT BIAS CURRENT 
and INPUT OFFSET CURRENT ' COMMON-MODE INPUT VOLTAGE RANGE 
VS VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
10° _——— Voc+ +2 
< 
a. > 
er and 
5 ee SS SS Se SSS SSS ) Voc+ +1 
_ ee SaaS a 
oO —— ae a = Voc+ 
ne} ® 
S ° 
. = Vcc- +4 
§ 102 : 
' £ 
2 § 
3 101 ial Vcec- +3 
bs) ew a a a oO 
i) > 
My > Stata SEIS ahiet? Taw Gone Barra! 
PO ES Aa? en Sa PRS ae 
25 45 65 85 105 125 -75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
Figure 6 Figure 7 
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Vom — Maximum Peak Output Voltage — V 
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TYPICAL CHARACTERISTICS 
MAXIMUM POSITIVE PEAK MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS VS 
OUTPUT CURRENT OUTPUT CURRENT 


| 
Vecs+ = t5V PGE A em arees ™ 


0 —10 —20 -30 -40 -50 —60 
Io — Output Current - mA 


Figure 8 


MAXIMUM PEAK OUTPUT VOLTAGE 


VS 
SUPPLY VOLTAGE 


ce ee 
tT TT Ae 
fe leekaimwe 


Gate a Be A ee 18 8 


l\Vec+| — Supply Voltage — V 
Figure 10 


Ne | el Pee 
= <—| 
Re CEPR 
a SRE NN RA SE 
ra ese oe 


1 


—16 


Vom— — Maximum Negative Peak Output Voltage — V 


0 5 70°. 15 = 20 28 30 5 40 
Io — Output Current —- mA 


Figure 9 


MAXIMUM PEAK OUTPUT VOLTAGE 


VS 
SUPPLY VOLTAGE 


Vom — Maximum Peak Output Voltage — V 


0:2 4. 10 te 8 8 S20 
IVcc+| — Supply Voltage - V 


Figure 11 
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TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK 
MAXIMUM PEAK OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS VS 
SUPPLY VOLTAGE 7 FREQUENCY 


mn 
mn 
a 
UG SU 


Vom — Maximum Peak Output Voltage — V 
Vocpp) — Maximum Peak-to-Peak Output Voltage — V 


1 100 k 10M 
IVoc+| — Supply Voltage - V f — Frequency — Hz 
Figure 12 Figure 13 
MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS VS 
FREQUENCY FREQUENCY 


ai 1 
CUMIN AME Ul 
CLAN EP ST 


CCI 
CU EATNST T 
CLT HI TPT 


10k 100 k 1M 10M 
f — Frequency — Hz f — Frequency — Hz 


VocpP) — Maximum Peak-to-Peak Output Voltage — V 
Vo(pP) — Maximum Peak-to-Peak Output Voltage — V 
nN 
oO 


Figure 14 Figure 15 
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Ayp — Differential Voltage Amplification — dB 


los — Short-Circuit Output Current - mA 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 


AMPLIFICATION and PHASE SHIFT 


VS 
FREQUENCY 


ah 
No 
i=) 


_ 
(=) 
fo] 


eo 
Oo 


fo?) 
[=] 


> 
oO 


nD 
i=) 


Voc+ = +15V 
Ru = 10 kQ 
C, = 100 pF 


o 


L 
nN 
oo 
pe 


f — Frequency — Hz 
Figure 16 
SHORT-CIRCUIT OUTPUT CURRENT 


VS 
ELAPSED TIME 


t — Time — seconds 


Figure 18 


¢ — Phase Shift 


2 
1 10 100 1k 10k 100k 1M 10M 


Ayp — Differential Voltage Amplification — V/mV 


los — Short-Circuit Output Current —- mA 


— 80 


LARGE-SIGNAL VOLTAGE AMPLIFICATION 
VS 
FREE-AIR TEMPERATURE 


Gs a 


0 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


Figure 17 


SHORT-CIRCUIT OUTPUT CURRENT 
VS 
FREE-AIR TEMPERATURE 


—— ae at ae 
Vip = —100 mV Se 


as a 
aia 


-75 -50 -25 75 100 125 
Ta - bikie sea - °C 


Figure 19 
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TYPICAL CHARACTERISTICS 


OUTPUT IMPEDANCE 
VS 
FREQUENCY 


: nN Fal 
1 25 
I 

an Rare saat A 
3 20 
2 
ll Hl ll il rl 
3 15 
6 Ayp = 100 fl | | [gee =1 
1 =610 
mall ni alll 

1 

LUMA UH 

100 1k 10 k 100 k 1M 10M 

f — Frequency — Hz 
Figure 20 
SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 
700 
675 | No Load 


Icc — Supply Current — pA 
t°2] 
o 
Oo 


Oa § 6 8 4a ie ae oe 
l\Vcc+| — Supply Voltage — V 


18 20 


Figure 22 


CMRR — Common-Mode Rejection Ratio — dB 


Icc — Supply Current — pA 


COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


10 100 1k 10k 
f — Frequency — Hz 


100k 1M 


Figure 21 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 


Voce = +20V ee 
rs heateate 


675 t+ No Load 


500 
-75 -50 -25 0 25 S060 75 100 125 
Ta — Free-Air Temperature — °C 


Figure 23 
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TYPICAL CHARACTERISTICS 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL SMALL-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


= 50 = 50 
I 1 
® o 
3 o 
CG GC 
> 6 > 0 
3 a 
3 =| 
1°) 12) 
o Vecs = t5V ° Voct = t15V 
> -50 Ri = 10kQ > —50 Ri = 10kQ 
C, = 100 pF Ci = 100 pF 
Ta = 25°C Ta = 26°C 
See Figure 1 See Figure 1 
—100 —100 
t — Time — ps t-— Time — ps 
Figure 24 Figure 25 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 
Voc+ = t15V 
Ru = 10 kQ 
Cy = 100 pF 
> > Ta = 25°C 
1 1 See Figure 1 
© ® 
D re) 
s E: 
Ss S 
2 A 
8 8 
i i 
re) Vec+ = t5V oO 
ti Ru = 10 kQ 
C_ = 100 pF 
Tg = 25°C 
See Figure 1 
0 5 10 15 
t — Time — ps t — Time — ps 
Figure 26 Figure 27 
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Noise Voltage — nV 


THD — Total Harmonic Distortion -— % 


10 


NOISE VOLTAGE 


TYPICAL CHARACTERISTICS 


(REFERRED TO INPUT) 


0.17010 Hz 


th 


yy 


t-Time-s 


Figure 28 


TOTAL HARMONIC DISTORTION 


Vo(PP) = 2V 
Ta =°25°C 


VS 
FREQUENCY 


Veoc+ = “a 


Source Signal | 


CH eee 


100 


1k 
f — Frequency — Hz 


Figure 30 


all 
oat 


ti 


10 k 


Brill 


100 k 


Vn — Equivalent Input Noise Voltage — nVANHz 


THD — Total Harmonic Distortion — % 


EQUIVALENT INPUT NOISE VOLTAGE 
VS 
FREQUENCY 


20 


100 10k 
f — Frequency — co 


Figure 29 


TOTAL HARMONIC DISTORTION 
vs 
FREQUENCY 
0.6 
Ayp = 10 
Vo(PP) = 2V 
OST T, = 25°C 


TCA 
SLT mt 
Vecs = £5V | 


0.2 


ai Cnt Signal ALL LU 


0.1 |__ 2 Aan HE 


0 


10 100 100 k 
f- eis? oe 


Figure 31 
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TYPICAL CHARACTERISTICS 


UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH 
VS vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
Ru = 10 kQ 
C, = 100 pF 
Ta = 25°C z 
See Figure 3 \ 
£ 
a : 
o 
E 
& 
c 
SS 
fs 
= 
I 
a Ru = 10 kQ 
Ci = 100 pF 
See Figure 3 
1 
2 4. 6.8 © 10 2592 336 - We 18:5 20 -75 -50 -25 0 as. BO 78 10 45 
IVcc+| — Supply Voltage — V Ta — Free-Air Temperature — °C 
Figure 32 Figure 33 
PHASE MARGIN PHASE MARGIN 
VS VS 
SUPPLY VOLTAGE LOAD CAPACITANCE 
Ru = 10 kQ Veoc+ = t15V 
Cy = 100 pF Ri = 10 kQ 
Ta = 25°C Ta = 25°C 
See Figure 3 See Figure 3 
£ 
oy 
oO 
= 
® 
% 
a 
i 
£ 
as 
ea ee ae ae 1 oe 8 2 0 200 400 600 800 1000 
IVoc+]| — Supply Voltage — V Ci — Load Capacitance — pF 
Figure 34 Figure 35 
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TYPICAL CHARACTERISTICS 


PHASE MARGIN 
VS 
FREE-AIR TEMPERATURE 


Ru = 10 kQ 
CL = 100 pF 
See Figure 3 


¢?m — Phase Margin 


-75 -50 -25 0 25 -) 3G 7. 700. 425 
Ta — Free-Air Temperature — °C 


Figure 36 


APPLICATION INFORMATION 


macromodel information 


Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel (see Note 5) and subcircuit in Figure 37 were generated using the TLE2062M typical electrical 
and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 


Unity gain frequency 
Common-mode rejection ratio 
Phase margin 

dc output resistance 

ac output resistance 
Short-circuit output current limit 


Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 


NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers”, IEEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 


PSpice and Parts are trademarks of MicroSim Corporation. 

Macromodels, simulation models, or other models provided by TI, directly 

or indirectly, are not warranted by TI as pet Mis merece all of the j 
specifications and operating characteristics of the semiconductor product 


to which the model relates. 
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APPLICATION INFORMATION 


macromodel information (continued) 


-subckt TLE2062 12345 


cl 5 ie 
c2 6 
dc be 
de 54 
dlp 90 
din 92 
dp 4 
egnd 99 
fb 7 
ga 6 
gcm 0 
iss 3 
hlim 90 
43 11 
j2 iz 
r2 6 
rdl 4 
rd2 4 
rol 8 
ro2 7 
rp 2 
rss 10 
vb 9 
ve 3 
ve 54 
Tiia- 7 
vlp 91 
vin 0 


12 
7 
53 
5 
91 
90 


92 


1.457E-12 
15.00E-12 


poiy (2). (3,9): (4, 0): 0 2.3 ;.5 
poly(5) vb ve ve vlp vin 0 4.357E6 -4E6 4E6 4E6 -4E6 
iL 12.288.52-6 
10 99 3.352E-9 
dc 51.00E-6 
vlim 1K 

pa BBG 

10 jx 

100. 0E3 
5.305E3 
5.305E3 

280 

280 

113.2E3 
3.922E6 

dc 0 

dc 2 

dc 2 

dc 0 

dc 50 

dc 50 


D (Is=800.0E-18) | 
PJF (Is=2.000E-12 Beta=423E-6 Vto=-1) 


Figure 37. Boyle Macromodel and Subcircuit 
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APPLICATION INFORMATION 


input characteristics 


The TLE2062M and TLE2062AM are specified with a minimum and a maximum input voltage that, if exceeded 
at either input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias current requirements, the TLE2062M 
and TLE2062AM are well suited for low-level signal processing; however, leakage currents on printed circuit 
boards and sockets can easily exceed bias current requirements and cause degradation in system 
performance. It is a good practice to include guard rings around inputs (see Figure 38). These guards should 
be driven from a low-impedance source at the same voltage level as the common-mode input. 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


VI V| 
Vo Vo Vo 


Figure 38. Use of Guard Rings 
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D3367, NOVEMBER 1989 — REVISED OCTOBER 1991 


available features 


e Excellent Output Drive Capability e Macromodels Included 
VQ SS ae oe ee ee, @ Wide Operating Supply Voltage Range 
YOGs = See Voce = £3.5V to +20V 
Vo = +12.5V MinatR; = 600Q, ie ROE 3 
Vec+ = £15V e High Open-Loop Gain ... 280 V/mV Typ 
e Low Supply Current ... 280 yA Typ e Low Offset Voltage ... 2mV Max 
PGE SRDESer e Low Offset Voltage Drift With Time 
e High Unity-Gain Bandwidth ... 2.1 MHz Typ 0.04 pV/mo Typ 
e High Slew Rate ... 3.4 V/us Typ e Low Input Bias Current ... 5pA Typ 
description MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE SWING 
The TLE2064M and TLE2064AM are JFET-input, vs 
low-power, precision operational amplifiers LOAD RESISTANCE 


manufactured using Texas Instruments Excalibur 
process. These devices combine outstanding 
Output drive capability with low-power 
consumption, excellent dc precision, and wide 
bandwidth. 


In addition to maintaining the traditional JFET 
advantages of fast slew rates and low input bias 
and offset currents, the Excalibur process offers 
outstanding parametric stability over time and 
temperature. This results in a “precision” device 
remaining precise even with changes in 
temperature and over years of use. 


The TLE2064M and TLE2064AM are ideal 
choices for any application requiring excellent dc 
precision, high output drive, wide bandwidth, and 
low power consumption. 


Vo(PP) — Output Voltage Swing — V 


10 100 10k 


Ri — Load Nees =f 
These devices are characterized for operation 


over the full military temperature range of —55°C 
to 125°C. 


AVAILABLE OPTIONS 


és CHIP CERAMIC 
Tp lo mex | CARRIER DIP 
AT 25°C oe is 


—55°C 
4mvV TLE2064AMFK | TLE2064AMJ 
6 mV TLE2064MFK | TLE2064MJ 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 


pore’ ing of all bined processing does not necessarily TEXAS vi 
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J PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


equivalent schematic 


IN+ 


OUT 


All component values are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) | 


mupIevONGGe, Wiis (SOG IONS: TY. ca UR ear ye Cte + Siac. = nuns od MER GUAME NG ~ ey nae +22 V 
CRIECE ee  WON (OO et) cake no sek ek Sho 0 VS 8 wR ew a 0 sles ete GD aw we Ob Sate oe ae +44V 
Pee irra AEN, AN PRIME TLIIEIRIE). 30 coro Ge 4 6 bluse ears he ap ea as ey ep eo e Oe ee ee ee Vec+ 
EI RAE et tO NEI oe gb Fag ov Yet e oR aee TL ere We wlecae'e soe jadi b Whe bo bk ha bee OME Ee +1 mA 
CAE ET ss Caen MME 03 24 a oe Ce pitys o tte doh ds ce en oe oh 40s wh aes heme ee +80 mA 
OLA CAIFOGIG IDO VCl TRIE og oot a a ides Pn 4 on or OEMs Rites SLA Ee EEIeTeSS 80 mA 
OEE CUT RRNIE OT Na eRLCIMIIGE ¢ 505 oo see dns ace'd ace ale 0's ob Chol See) Bits RO ORION dale tees 80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............. cc eee ee ees unlimited 
RSI FOr IS TL GET), wid as lcci c wee gules Cea nae ale ote eo ang alee e aks See Dissipation Rating Table 
Wetanmasograll woretamire TANG, TA Fs pons ee da den este ewe clk om mk be -— 55°C to 125°C 
Me ee Ate Is sy w/a b oke a eapeiataes Gale @ veld ncn d oR Gidea b vy CEA 0 gels ROE —65°C to 150°C 
Case temmerauire tor G0 Seconds: FK DAGKAGG. isk ce i av ean es va ed ube cite leh beue 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ................... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta $ 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta =25°C POWERRATING POWERRATING POWER RATING 


PACKAGE 


1375 mW 11.0 mW/°C 
1375 mW 11.0 mW/°C 


recommended operating conditions 


Supply voltage, Voc+ ‘ + 3.5 + 20 


Vegn = EBV eee 
Common-mode input voltage, Vic Voc+ = + 15V i) Foi 

| Voor == 20V See 

[Cperaing Feoartempaaire Ta 
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electrical characteristics at specified free-air temperature, Vcc; = +5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
1207 
deen Fulrange| SC 
ae aed i i 
TLE2064AM 
Bubranget <2 ie 
aVIO Temperature coefficient of input offset voltage iy; ea eee Boe pV/°C 
Input offset voltage long-term drift (see Note 4) Full range Re 6G EG Oae cS Sb aVimo | 
; a peer? ALF a2 pag de SPH pA | 
Cr, Regen Fulrange| 20 | nA 
iS eee a 
lip Input bias current ; 
Fullrange| 40 | 
-1.6 -2 
25°C to to V 
4 6 
VICR Common-mode input voltage range 
25°C 3.5 3.7 
eo 1OKD | 25°C 
Vom+ Maximum positive peak output voltage swing V 
| Ss Be 7 ee 
Fullrange| 2 
25°C -3.7 -3.9 
yee nib 250 
: Fulrange[-3 
Vom— Maximum negative peak output voltage swing a V 
Ri = 600.2 | 25°C | 
Pull range 2s 
Vgafe8v, ~~ Rew tomy ee be 
oT ee en 
ee | te 
A -sj i tial volt lificati Vo =0to 2.5 V, Ry =600 Q | 25°C | V/imV 
eee ee ae Fullrange| O05 
ole 
Vo=0t0-25V, R_=6000| 25°C _ 

No=o0 28, AL-eoa et 
iets dL ee 
Eo wpe ee ee eee 
Zo ___Open-loop output impedance Se co ee Se A RE Be 

| | o5°O | BG ae 
CMRR Common-mode rejection ratio Vic=Vicnmin, Rg=50Q Lee 
Fullrange| 60 
Vec+ =+5Vto+20V, 75 93 
k Supply-volta jecti tio (AV / AV 
eee ee as Ne eget Fullrange| 65 
: “cle Ganpoleen Smee 
loc Supply current (four amplifiers) Bere 
Vo=0 Noload ; ee e 
Supply current change over operating : 
Al ; Full 
CC temperature range (four amplifiers) wifisadi ds Bi 
VorVo2_Crosstalk attenuation Ayo = 1000, =the [ae | 


TFull range is — 55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T, = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = +5 V,T, = 25°C 


PARAMETER TEST CONDITIONS 
Slew rate at unity gain (see Figure 1) Ry = 10 kQ, C, = 100 pF 


, ; f = 10 Hz, Rs = 1002 
V E lent t voltage F 2 
n quivalent input noise age (see Figure 2) Tite Ag = 1002 


VPP Peak-to-peak equivalent input noise voltage f =0.1 Hz to 10 Hz 
In Equivalent input noise current f=1 kHz 


Avp =2 = 10 kH 
THD Total harmonic distortion vanes ~ OV, Ri = 10 en 0.025% ree 
me 


: Ry = 10 kQ, Cy = 100 Q 
B Unity- bandwidth (see Figure 3 
{ nity-gain bandwidth (s igure 3) A = 600 O, Cp = 1008 
€=0.1% 
Settling ti 
ae oa €=0.01% 


‘Bom Maximum-output-swing bandwidth Avp = 1, Ry = 10 kQ 


Ry = 10 kQ, = 10 
dm Phase margin at unity gain (see Figure 3) E ~ 600 O st va = = 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, V¢c4 = +15 V (unless otherwise noted) 


MIN TYP MAX | UNIT 


TLE2064M 


3 
< 


TLE2064AM 


aVvIO Temperature coefficient of input offset voltage 
Input offset voltage long-term drift (see Note 4) 


lio Input offset current 


lip Input bias current 


S 
$ 
1?) 


VICR Common-mode input voltage range 


RL = 10 ka 13.2 13.7 
2.5 y 
y 
=11 


Vo =+10V, Ry = 10 kQ 


VomM+ Maximum positive peak output voltage swing 


VomM— Maximum negative peak output voltage swing 


Large-signal differential voltage amplification 


Input resistance 


i ee 6 eer es 
ae ren age a se 
Zo ___Open-loop output impedance 2 5 5 eee ib Base ee 
i ates 72 0 
CMRR Common-mode rejection ratio Vic = VicR min Rg = 502 ral ange zc 
Full range 
Voc+=t5Vtot 15V, 75 3 
k Supply-volt jecti tio (AV / AV 
SVR upply-voltage rejection ratio (AVCc+ Te)) Re = 502 Full range 


loc Supply current (four amplifiers) 
Vo = 0, No load Full range 


Supply current change over operating 


a Full 
ce temperature range (four amplifiers) ull range pA 
Vo1/Vo2 Crosstalk attenuation Avp = 1000, f=1kHz as 


TFull range is — 55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vcc+ = +15 V 


PARAMETER TEST CONDITIONS MIN TYP MAX 


| te at 25°C 
Slew ra e at unity gain Ri = 10 ko, C) = 100 pF iy; See Vis 
(see Figure 1) Full range 
nVNVHz 


R 
n 
5°C 
noise voltage 
N(PP) _-: Itag 
In Equivalent input noise current f = 1kHz 25°C 
Ayvp = 2, f = 10 kHz, . 
THD Total harmonic distortion Wrccis = OM RL = 10ka 25°C 0.025% 
B Unity-gain bandwidth Ry = 10kQ Ci = 100 pF 
1 (see Figure 3) Ry = 600Q, Cy = 100 pF 
Botting teas a 
Maximum-output-swing x 


A 1 = 10 25°C 
BOM bandwidth | a ia eee 


Phase margin at unity gain R_ = 10 kQ, Cy. = 100 pF 


Ss 

y Equivalent input noise voltage f = 10 Hz, Rs = 1002 25°C 70 
(see Figure 2) f = 1 kHz, Rs = 100Q 

V 


Peak-to-peak equivalent input 
SOC Pens PSUR Nev f = 0.1Hzto10Hz 2 


Nh N 

oO o1 

o oO 
- = Slr 


60° 
¢m (see Figure 3) Ri = 6002, Ci = 100pF 70° 


TFull range is — 55°C to 125°C. 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-airtemperature,Vcc+ = +20V (unless otherwise noted) 


IN TYP MAX | UNIT 


pV/mo 


“VIO Temperature coefficient of input offset voltage 
Input offset voltage long-term drift (see Note 4) 


lio Input offset current Full range 
Full range 


25°C 


lip Input bias current Full range | 
Full range 


| BV/mo 
Sopa 
a. al 
ae Sa 
ue 
16.5 21 
Common-mode input voltage range 
= 


n 
p 


LA ee = 18.2 18.7 
| Full range | llrange| 17.5 
Maximum positive peak output voltage swing ea 
R; =600Q 
Full range 
pti 25°C |-18.2 -—18.7 
|Full range | Il —17.5 
Maximum negative peak output voltage swing 
R; =600Q 
25°C 30 2 
MQaStE™ a Nag hets Full range 


° 


Large-signal diff tial volt lificati Vo = 0 to 10 V, Ri = 600 Q 
arge-signal differential voltage amplification O L cease 


Nm 
oO 
; 


Vo=0to-10V, Ri, =6002 


i input resistance ty eee 
Cj Input capacitance BES 22 nae eee gee 
Zo Open-loop output impedance pages oo eee 


80 
25°C 75 91 
CMRR Common-mode rejection ratio Vic = VicR min, Rs = 502 oes 
Full range 
Voc+ =+5 V tot 20V, 75 983 
k é ia) 
SVR Supply-voltage rejection ratio (AVoo+/ AVic) Rg = 50 2 Full tange 
loc Supply current (four amplifiers) te 
a — . Vo.=0, Notead Full range 
Aloc upply current change over he ing Full range 
temperature range (four amplifiers) 


Vo1/Vo2 Crosstalk attenuation Ayp = 1000, f= 1 kHz 25°C 


V 
V 
V 
V 
25°C 
p 


nm 
ro) 

° 
oO 


V 
A 
A 
F 
rN 


m 


TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T, = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = +20V,T, = 25°C 
TEST CONDITIONS 


SR Slew rate at unity gain (see Figure 1) Ry = 10 kQ, Cy = 100.pF | 0 BA ie 
Sa eee | f = 10 Hz, Rg = 100 2 
Vn Equivalent input noise voltage (see Figure 2) f=1 kHz, a. iain PP pee nV/VHz 
VPP Peak-to-peak equivalent input noise voltage f =0.1 Hz to 10 Hz SEE: eae 
; Equivalent input noise current eee ee ee 
THD Total harmonic distortion 0.025% 
f , 
: A = 100, Of = 1p iawn 21 | 
By Unity-gain bandwidth (see Figure 3) R, = 600 Q, GC, = 100 : c 2 ite 
ee 
: : oe 
e = 0.01% meee er St 
Bom Maximum-output-swing bandwidth Ayp = 1, Ry = 10 kQ pater Ste . 


Ry = 10 kQ, C, = 100 pF 
om Phase margin at unity gain (see Figure 3) Ri = 600 Q C, = 100 ze asia 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


10 kQ 
Vo 
7 Vo 
Vcc- 
CL RL 
(see Note A) Vec- 
Rs Rs 
NOTE A: C; includes fixture capacitance. ae a ¥ 
Figure 1. Slew Rate Test Circuit Figure 2. Noise Voltage Test Circuit 
10 kQ 
VI 
Vo 
Vec- 
CL Ri 
(see Note A) 


NOTE A: Cy includes fixture capacitance. 


Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 


typical values 


Typical values presented in this data sheet represent the median (50% point) of device parametric performance. 


input bias and offset current 


At the picoampere bias current level typical of the TLE2064M and the TLE2064AM, accurate measurement 
of the bias current becomes difficult. Not only does this measurement require a picoammeter, but test socket 
leakages can easily exceed the actual device bias currents. To accurately measure these small currents, Texas 
Instruments uses a two-step process. The socket leakage is measured using picoammeters with bias voltages 
applied but with no device in the socket. The device is then inserted into the socket and a second test that 
measures both the socket leakage and the device input bias current is performed. The two measurements 
are then subtracted algebraically to determine the bias current of the device. 


EXAS 4 
INSTRUMENTS 


4-406 POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


table of graphs 


Vig__lnput offset voltage 


: Common-mode voltage 
lip Input bias current 
Temperature 


iO Input offet curent 
Vig Common-mode input voltage range 


Vv 
Vv 
Vv 
Vv 
< : vs Output current 8 9 
Vv 
V 
Vv 


s 
s 
s 
s 
s 
s 

s Temperature 19 

s 

s 

s 

s 


V 
Vv 
Vv 
Vv 
V 


CMR Common-mode rejection ratio 
2 


Supply voltage 2 
| Suppl t 
Small-signal 24, 25 
Pulse response : 
Large-signal 26, 27 
Noise voltage (referred to input) 0.1 to 10 Hz 


Seer eens: 
[Va Eauivalent input noise voltage —=«di'_~SCts— ‘Frequency —=SC~=~“~*‘“rCSC*‘“‘SC*wSSCSCSCSC*~* 
[THD Totalharmonic distorion ___——~—~S~«d'SC*tiS Frequency ——SSC~dSCSSCi 
Ss 
Ss 


| 
By Unity-gain bandwidth ¥e SUPER Sa is 
vs Temperature 33 


vs Supply voltage 
om Phase margin vs Load capacitance 
vs Temperature 


Phase shift 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
TLE2064M INPUT BIAS CURRENT 
DISTRIBUTION OF vs 
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE 
2792 Amplifiers Tested From 2 Wafer Lots 
Vec+ = t15V 
Ta = 25°C 
‘ : 
” ) 
- = 
= £ 
Qa hee 
Pl] 
< : 
So 5 
g : 
M4 
a = 
S : 5 
ir printan 1 A SR, RRA NGL PRM eth -~20 -15 -10 -5 0 5 10 15 2 
Vio — Input Offset Voltage - mV Vic — Common-Mode Input Voltage — V 
Figure 4 Figure 5 
INPUT BIAS CURRENT 
and INPUT OFFSET CURRENT COMMON-MODE INPUT VOLTAGE RANGE 
VS vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
Vec+ +2 
< 
a. > 
1 
5 ) Voc+ +1 
: z 
Oo = Vcc+ 
E 3 
2 + Vec- +4 
o ° 
a - Vec- +3 
4 
sg oO 
a > 
Vec-— +2 
-75 -50 -25 0 25 - 30 ° 75 100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
Figure 6 Figure 7 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


Vom+ — Maximum Positive Peak Output Voltage — V 


Vom — Maximum Peak Output Voltage — V 


TYPICAL CHARACTERISTICS 
MAXIMUM POSITIVE PEAK MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS 
OUTPUT CURRENT OUTPUT CURRENT 


Coan 
2 


\ 


iy 
e 
a 
c 


ick tbl kab ko 


—16 


Vom— — Maximum Negative Peak Output Voltage — V 


4 


0 5 1. 15 «20-25 30 “SS 40 


Io — Output Current - mA Io — Output Current — mA 
Figure 8 Figure 9 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


20 


151 Ta = 25°C Poa ee 
SEeeaco 
ee 


eat | 


eer ace ee, ae ee 


Vom — Maximum Peak Output Voltage — V 


<i 
Pd 
m 
iS 
ca 


Bincer EOE 


0 2 4 6 SH 002 a... 4s i 18- <20 0 2 4 6 8 10 12 14 16 18 20 
\Vec+| — Supply Voltage - V | \Voc+| — Supply Voltage - V 
Figure 10 Figure 11 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK 
MAXIMUM PEAK OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS VS 
SUPPLY VOLTAGE FREQUENCY 


Ryu = 1002 
Ta = 25°C 


Vom — Maximum Peak Output Voltage — V 
L 


PCE 


Vocpp) — Maximum Peak-to-Peak Output Voltage — V 


= 
4 6 8 10 
ee Supply Voltage — V f — Frequency — Hz 
Figure 12 Figure 13 
MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS VS 
FREQUENCY FREQUENCY 


30 
enil h 
iil Mh 


: Bi a 
Dn 


20 


CUA HIE LL 


LATVIA ESM ETT UT PSH CTT 
10k 100 k 1M 10M 10k 100 k 1M 10M 


f — Frequency — Hz f — Frequency — Hz 
Figure 14 Figure 15 


VocpP) — Maximum Peak-to-Peak Output Voltage — V 
VocpP) — Maximum Peak-to-Peak Output Voltage — V 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL 
AMPLIFICATION and PHASE SHIFT VOLTAGE AMPLIFICATION 
VS VS 
FREQUENCY FREE-AIR TEMPERATURE 


NX rmein ||| 
dS 


ase Shift 
Sa. 


120° 


¢ — Phase Shift 


An DA Bibs 
A 
etal. 


Ayp — Differential Voltage Amplification — dB 
Ayp — Differential Voltage Amplification — V/mV 


200° 0 
1k 10k 100k 1M 10M -75 -50 -25 0 25 50 75 100 125 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 16 Figure 17 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
VS Vs 
ELAPSED TIME FREE-AIR TEMPERATURE 


los — Short-Circuit Output Current - mA 
los — Short-Circuit Output Current — mA 


-75 -50 -25 0 25 50 75 100 125 


t — Time — seconds Ta — Free-Air Temperature — °C 
Figure 18 Figure 19 
U 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
wPOWER QUAD OPERATIONAL AMPLIFIERS 


Zo — Output Impedance — 2 


Icc — Supply Current — mA 


4-412 


TYPICAL CHARACTERISTICS 


OUTPUT IMPEDANCE 
VS 
FREQUENCY 
Th 


Le TT 
racy 


UU Serum mill 
: ll at an a Mil 
? | 40 


LA 
ill wv) i Til 
2a AN 


0 
100 1k 


CMRR — Common-Mode Rejection Ratio —- dB 


100 


COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


At 
80 ene Seo ee 


10k 100 k 1M 10M 10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz f — Frequency — Hz 
Figure 20 Figure 21 
SUPPLY CURRENT SUPPLY CURRENT 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vo = 0 
No Load 


id nh ca 
Tie. 
eae 
‘Mes A0uaed 
Be Be 


Pa 
Ta = 25°C 


BS 
at a 
rat 


$0) 42 44-16: 48 20 
eer Voltage — V 


Figure 22 


ae 


lcc — Supply Current - mA 


Vv = +20V ee 
ee al 


Vecs =z £5V 


1 
-75 -50 -25 100 125 
Ta- ba Air Sn - i 


is a 
Seite e.ée 


Figure 23 
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TYPICAL CHARACTERISTICS 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
SMALL-SIGNAL SMALL-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


100 100 


uo 
Oo 
on 
Oo 


Vo- Output Voltage — mV 
oO 

Vo-— Output Voltage —- mV 
So 


Voc+ = t5V Vec+ = t15V 
—50 Ryu = 10 kQ —50 Ri = 10kQ 
C._ = 100 pF C._ = 100 pF 
Ta = 25°C Ta = 25°C 
See Figure 1 See Figure 1 
—100 —100 
0 1 2 3 
t — Time — pis t— Time — ps 
Figure 24 Figure 25 
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER 
LARGE-SIGNAL LARGE-SIGNAL 


PULSE RESPONSE PULSE RESPONSE 


> > 
1 i 
D & 
sg = 
$ a 
2. a 
3 5 
.e) .e) 
i 1 
2 Voc+ = t5V 2 
Ru = 10kQ 
C_ = 100 pF 
Ta = 25°C 
See Figure 1 
0 5 10 15 
t — Time — ps t — Time — pis 
Figure 26 Figure 27 
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EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
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TYPICAL CHARACTERISTICS 


See Figure 2 | 
> 
a. 
I 60 
. 40 al 2 Se a es 
‘o 
= 


THD — Total Harmonic Distortion —- % 
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NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE 
(REFERRED TO INPUT) vs 
0.1 TO 10 Hz FREQUENCY 


Vn — Equivalent Input Noise Voltage — nVNHz 


100 10k 


20 


t-Time-s f — Frequency — i 
Figure 28 Figure 29 
TOTAL HARMONIC DISTORTION TOTAL HARMONIC DISTORTION 
VS VS 
FREQUENCY 


FREQUENCY 
0.3 


VacPP) = 2V 
Ta = 25°C 


0.2 


jis oe) 

yt aA ea 

ST SS 

SS 
ce a ame 


0.1 


| 
aa al ii 


[source signal Ill | | [III LZ 
CT Tn sesso 


THD — Total Harmonic Distortion - % 


UA a 
a 
Oe a 
SETI ita il 
seven UIT UA 


{coe Be 


0.4 


0.3 


0.2 


0.1}-— 


10 100 1k 10 k 100 k 10 100 100 k 
f — Frequency — Hz f- isn ind iy 
Figure 30 Figure 31 
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¢m.— Phase Margin 
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TYPICAL CHARACTERISTICS 


UNITY-GAIN BANDWIDTH 


IVcc+| — Supply Voltage — V 
Figure 34 
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UNITY-GAIN BANDWIDTH 


vs VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
Ry = 10 kQ 
Cy, = 100 pF 
Ta = 25°C z 
See Figure 3 ' 
& 
2 
> 
a) 
: 
co 
£ 
iss) 
9 
= 
e 
> 
i 
o Ryu = 10 kQ 
Cy. = 100 pF 
See Figure 3 
O° 24,6. 3 > AO ae Ae TS TR ee -75 -50 -25 0 25 80 75 100 125 
IVcc+| — Supply Voltage — V Ta — Free-Air Temperature — °C 
Figure 32 Figure 33 
PHASE MARGIN PHASE MARGIN 
VS VS 
SUPPLY VOLTAGE LOAD CAPACITANCE 
Vecy = £15V 
Cy = 100 pF Ry = 10kQ 
ee fT oe 
See Figure 3 See Figure 3 
Pa 
Se? amare iee 
ee oe E 
Te le | | 
i) 
a 
| bietepor ed 3 
E 
Ss 
ae A ae ee ae A 8 ee 0 200 400 600 800 1000 


C,_ — Load Capacitance — pF 
Figure 35 
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TYPICAL CHARACTERISTICS 


PHASE MARGIN 


VS 
FREE-AIR TEMPERATURE 
66° 
Ru = 10kQ 
Cy = 100 pF 
64° See Figure 3 
rs 62° 
is) 
= 
© 
% 60° 
a 
1 
E& 58° 


-75 -50 -25 0 25 a0 78. Tae 128 
Ta — Free-Air Temperature — °C 


Figure 36 


APPLICATION INFORMATION 


macromodel information 


Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel (see Note 5) and subcircuit in Figure 37 were generated using the TLE2064M typical electrical 
and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 


e Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 


Unity gain frequency 
Common-mode rejection ratio 
Phase margin 

dc output resistance 

ac output resistance 
Short-circuit output current limit 


To model the TLE2064M or TLE2064AM, use four macromodels in your simulation. 


NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, Macromodeling of Integrated Circuit Operational Amplifiers, \EEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 


PSpice and Parts are trademarks of MicroSim Corporation. 


Macromodels, simulation models, or other models “ 
provided by Tl, directly or indirectly, are not ff 
warranted by TI as fully representing all of the TEXAS 
specifications and operating characteristics of the | 

semiconductor product to which the model relates. NST. RUMENTS 
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TYPICAL APPLICATION DATA 


macromodel information (continued) 


-subckt TLE2064 12345 


cl x Ba 
c2 6 
dc 5 
de 54 
dlp 90 
din 92 
dp 4 
egnd 99 
£b 7 
ga 6 
gcm 0 
iss 3 
hlim 90 
a2 pe | 
j2 12 
r2 6 
ral 4 
rd2 4 
rol 8 
ro2 7 
rp 3 
rss 10 
vb 9 
ve 3 
ve 54 
vlim 7 
vlp 91 
vin 0 
model dx 
model jx 


12 
7 
23 


92 


1.457E-12 
15.00E-12 

dx 

dx 

dx 

dx 

dx 

moly(2) (3,0) (4,0) 0 .5..5 
poly (5) vb vc ve vip vin 0 4.357E6 -4E6 4E6 4E6 -4E6 
11 12 188.5E-6 
10 99 3.352E-9 
dc 51.00E-6 
vlim 1K 

10 jx 

10 jx 

100.0E3 
5.305E3 

5 .305E3 

280 

280 

113.2E3 
3.922E6 

dc 0 


D (Is=800.0E-18) 
PJF (Is=2.000E-12 Beta=423E-6 Vto=-1) 


Figure 37. Boyle Macromodel and Subcircuit 
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TLE2064M, TLE2064AM 
EXCALIBUR JFET-INPUT H IGH-OUTPUT-DRIVE 
POWER QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


input characteristics 


The TLE2064M and the TLE2064AM are specified with a minimum and a maximum input voltage that, if 
exceeded at either input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low-bias current requirements, the TLE2064M 
and TLE2064AM are well suited for low-level signal processing; however, leakage currents on printed Circuit 
boards and sockets can easily exceed bias current requirements and cause degradation in system 
performance. It is a good practice to include guard rings around inputs (See Figure 38). These guards should 
be driven from a low-impedance source at the same voltage level as the common-mode input. 


The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 


V\ V| 
Vo Vo Vo 


Figure 38. Use of Guard Rings 
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TLE2082M, TLE2082AM, TLE2082Y 
EXCALIBUR HIGH-SPEED 
: JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


D3958, MARCH 1992 


available features 
@ 40-V/us Slew Rate Typ e Wide Supply Range... +2.25 Vto +22 V 
e High-Gain Bandwidth Product ... 10 MHz e Input Range Includes the Positive Supply 
e +30-mA Minimum Short-Circuit Ce e Macromodel Included 

Current 
e Fast Settling Time ...400 ns to 10 mV 

10-V Step Typ....... 1.5 ps to 1 mV 

TOTAL HARMONIC DISTORTION PLUS NOISE OUTPUT VOLTAGE 
Vs vs 
FREQUENCY SETTLING TIME 


au ail 
0.1 Q oat vA 


rr NSSNNIITN 
PTT NAAN 
USSSn 


= 100, Ry = 2kQ 


"ERI. = 600 Q 


0.01 va 10, RL = 2kQ 


Vo — Output Voltage - V 


“a 
a’ 
v 
‘A 
a 
ZL 
all 
r] 
“ 
H 


4 
a 
a 
a 
| 
a 
Hy 
ATH 


= 
GE BT a =o — tt tt 
(4, Ss 


THD + N — Total Harmonic Distortion + Noise -— % 


10 100 1k 10k 100k 
f — Frequency — Hz Settling Time — ps 


description 


The TLE2082M and TLE2082AM are high-performance, high-speed, internally-compensated JFET-input dual 
operational amplifiers built using Texas Instruments complementary bipolar Excalibur process. The 
TLE2082AM has a lower input offset voltage than the TLE2082M. Both are pin-compatible upgrades to 
standard industry products. 


AVAILABLE OPTIONS 


PACKAGE 


CHIP CERAMIC 


Vio max 
AT 25°C 
(FK) (JG) 


CARRIER DIP 
_ 55°C to 125°C 4mV TLE2082AMFK | TLE2082AMJG TLE2082Y 
7mV TLE2082MFK TLE2082MJG 


Copyright © 1992, Texas Instruments Incorporated 


Abigale DATA sal cle is ri as wel coi oar nc 
roducts conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Ti 4 On products compliant to MIL-STD-883, Class B, all parameters 
include testing of all parameters. EXAS are tested unless otherwise noted. On all other products, 
IN STRUMENTS production processing does not necessarily include testing of 
parameters. 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


description (continued) 


The design features a 30-V/us minimum slew rate, which results in a high-power bandwidth. Settling time to 
0.1% of a 10-V step (1-kQ /100-pF load) is approximately 400 ns. Gain-bandwidth product is typically 10 MHz 
with an 8 MHz minimum. As such, the TLE2082M and TLE2082AM offer significant speed and noise 
advantages at a low 1.5-mA typical supply current per channel. 


The input current characteristics traditionally associated with JFET-input amplifiers have been maintained. 
Input offset voltage is graded to a 4 mV maximum. Typically, temperature coefficient of input offset voltage 
is 2.4 nV/°C and typical CMRR and ksypR are 98 dB and 99 GB, respectively. Device performance is relatively 
independent of supply voltage over the wide +2.25-V to +22-V range. The input common-mode voltage range 
extends from the positive supply down to Vcc_ + 4 V without significant degradation to dynamic performance. 
Maximum peak output voltage swing is from Vcc, -1 V to Vecg_ +1 V under light current loading conditions. 
The output is capable of sourcing and sinking currents internally limited to at least 30 mA and can sustain 
shorts to either supply. Care must be taken to ensure that maximum power dissipation is not exceeded for long 
durations. 


Both the TLE2082M and TLE2082AM are available in both the industry-standard 8-pin small-outline version 
and chip form for high density system applications. These devices are characterized over the full military 
temperature range of —55°C to 125°C. 


JG PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


NC — No internal connection 


symbol 


IN+ 
OUT 


4-420 
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TLE2082Y 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


chip information 


These chips, properly assembled, display characteristics similar to the TLE2082 (see electrical table). Thermal 
compression or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted 
with conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 


CHIP THICKNESS: 
15 TYPICAL 


BONDING PADS: 
4X 4 MINIMUM 


Tymax = 150°C 


TOLERANCES 
ARE +10% 


ALL DIMENSIONS 
ARE IN MILS 
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A at 


G92S2Z SVXAL ‘SVTIVO « E0ESS9 XOE ADISAO 1SOd 


I 


SLINAWNAULSN 


dp SYXAL 


equivalent schematic (each channel) 


be: 
R1 
vane eee 2. 
Q8 


R10 


ACTUAL DEVICE 
COMPONENT COUNT 
Transistors 

Resistors 


Diodes 
Capacitors 


R14 


SYHAlSIIdINY TWNOLLWH4Ad0 IVNG LAdNI-L3sf 


Q34dS-H9IH YN WOXS 


A2802F1L “WV280Z91L ‘W28024 IL 


TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SLY Waa (8; (SO DIIME SD hes savy yah s'a 0.5 Wp AE SE aE 4 OG ss cn RO ERE es 22V 
SOL MIO, Wi LOGE Ibe 7 Pal eee edie sea o 6a ahee «Sh Ole nin no vn ha eR ee ay —22 V 
Differential input voltage range (see Note 2) ............ ccc cc eee ee ete eee Voc+ to Vec- 
AS Pon ade Tae winteay Winey cs Sere tae toss po lek ats 2 AMS be a ws Slee ate Voc+ to Voc- 
UT CUNTONE, ORCI ANIIN) ova as vic b kya eta) cine oe aso packs oe cae 3 + 6G RAO Retr +1 mA 
RG Sa Oe ORT cis San seen gia Ae 0 bn wea 5 eiecael ate © eco Brae Ree eae +80 mA 
ter ITT UO MSI CASTE: Fs oe 5 oi Ske Ge DAW a es 6 diK se ae aah ewle on ok wae evecare ee 160 mA 
Bie Rebiegoir Fae ge Be oi ies Rie Sepa eg ea er an a a sae 8 A nena GAGs ata 2 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3).............. cee eee eee unlimited 
AUIS OCT CISION as os an es 5 PME RL See Les ene ewe Paws See Dissipation Rating Table 
Operating free-air temperature range, TA cece eee e eee ees — 55°C to 125°C 
rt ere Aen ioet TG IMI stew 5 GCE ie Oy x bare Me 8 new ua god Whe eed aw aw ele Bae —65°C to 150°C 
Case temperature-for 60 seconds: -FK package . 0.5. on. ccs wipes a ad's eo os 0 sleet blebrea eaten 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta $ 25°C DERATINGFACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 
FK 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW 

JG 1050 mW 8.4 mW/°C 672 mW 546 mW 210 mW 


PACKAGE 


recommended operating conditions 


Te ee i ee ee 


Supply voltage, Voc+ £2.20. 2 20 
Voor=25v [16 
ee ee [PET eS 
+ = 
Voopea5V [1 5 
cuales asia erie Ae Al 
+ = 
[ass 125 | 
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TLE2082M, TLE2082AM | 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = +5 V (unless otherwise noted) 


TLE2082M TLE2082AM 
PARAMETER TEST CONDITIONS Tat UNIT 


MIN TYP MAX | MIN TYP MAX 


097 
Vio Input offset voltage mV 
Temperature coefficient of 
IO input offset voltage 
lio Input offset current 
lip Input bias current 


Common-mode input 
voltage range 


Full range 


$8 4.1 
ean, 26 SS ae mee. 
Ven, Maximum positive peak , 
OM* output voltage swing Li. aes 2a 
ees PIS S29 Sache Ses 
aot. ee a 
lo = 200 pA 
Rael 36 ee 
Vom. Maximum negative peak — |i 2 ma : 
output voltage swing 
ge zoma MARY ERS ES EY 
Lt Sy eee © eas cae 
‘ ee a 
ime oo See 
on Large-signal differential Vo =£2.3V/R, = 2kQ 90 100 90 100 
voltage amplification 
oe ee 
2 
| | Vic = 0, ee ta ee 
a bicbisee cemia ee a ee ee 
| Zo __Open-loop output impedance _[f = 1 MHz a RE Sa Tees SS 
oman _CoMmmon-mode ape * ee et 
rection ratio Ag = 50.9 Fulrangel_6@ Cid CS 
ies Supply-voltage rejection ratio |Voco+ = +5 Vto+15V, ao ee 
(aVo¢ +! AVi0) Vo=0.Rg = 509 — |Fullrange] 80 iY OO 
(both channels) es, RMbaaans. ) Meeiine ieee 5 
[ax Crosstaikationvation Wig = ORL = 2K | asc | eo | tO 


*This parameter is not production tested. 
TFull range is —55°C to 125°C. 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vcc+ = +5 V 


PARAMETER TEST CONDITIONS MIN. TYP MAX | MIN TYP MAX UNIT 
SR Positive slew rate V/s 
: 
SR- Negative slew rate SS Se aay, Vis 
Full range 
To 10 mV 
Settling time 2-V Step, Ry = 1 kQ, 25°C us 
Equivalent input noise f=10Hz 
Vn q 4 25°C nV/VHz 
voltage f = 10 kHz 
f= 10 Hzto 
' Peak-to-peak equivalent |See Figure 3 10 kHz on y 
N(PP) input noise voltage f = 0.1 Hz to p 
10 Hz 
fA/VHz 


Phase margin at unity |Vj = 10 mV, RL = 2kQ, 


mn gain Cy = 25 pF, See Figure 2 


*This parameter is not production tested. 
TFull range is —55°C to 125°C. 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc¢+ = +15 V (unless otherwise noted) 


TLE2082M 
PARAMETER TEST CONDITIONS MIN. TYP MAX| MIN. TYP MAX 
25° 11 7 eae 
Vio. _Input offset voltage Fulrange| OS S 
Temperature coefficient of Full range 
“vIO input offset voltage : 


25° 
lio Input offset current 
lip Input bias current 


Cc 
= 
= 


TA 


2) 


25° 20 + ie 


Bis “TI 
ce! if 
= = 
© © 
=3 1 CoS CD oe 
© @ 
oO oO 


25°C 


V Common-mode input Rs = 50 14 
ICR voltage range 15 
Full range to to 
—10.8 —10.8 
asc | 138 14.1 196 14.1 Ge 
lo = —200 pA 
Fullrange| 13600 136 
Maximum positive peak 13.7 13.9 13.7 13.9 
V lo = -2mA 
OM*+ output voltage swing : para ae | eee 
lo = -20mA _ 2c [115 123 | 115 123 
i Fullpange p0440* i? pata seis 
25°C |-13.8 -14.2 19.8 14.26 | 
lo = 200 pA | 25°C | 
Full renge|-19.6 eae 
Maximum negative peak lo = 2mA | 25°C |-13.7 —14 -13.7  —14 y 
output voltage swing Fulrange[-135 SS 
el Ses 2 SE ee 
lo = 20mA | ee] 
Purge =A <7 eA 
RL = 6000 85 96 8596 
rdlvenge 2 89 a ee 
ayy Lave-sionaliterental §=—vystovim, = ana [25% | 95 too [05 100 | 
voltage amplification a eee eS eee 
Fy = 10K Se Wa Se ee 
: Pot tenga) = 90. ne a 
Vic = 0 1012 Sie | See ae ae 
eee Vic = 6 : 
See es See Figure §|Differential | 250 | 25 ~+| a6 —*i|s«~ 
Zo ____Open-loop output impedance _|f = 1 MHz ee 
CMRR Common-mode Vic = Vicn min, Vo = 9, 80 98 80 98 
rejection ratio Rg = 509 Full range 
k Supply-voltage rejection ratio |Voc+ = +5 Vtot15V, 82 99 82 99 
SVR (AV +/ AVio) Vo =0,Rg = 502 Fubra | 5900 3 i 
Supply current | 278i. Balers 61 aa 
ie upply curren Vo = 0, No load ly mee F Sah O27 = BA 3.4 A 
ath snore) Rang A a 
fa ____Crosstalkatienvation [Vio = OR =2K | aso | 120 ~—«| =| 
Sate Vip = 1V -30 -45 -30 -45 
| Short-circuit output current Vo = 0 ee p 


“This parameter is not production tested. 
TFull range is —55°C to 125°C. 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vcc+ = +15 V 


PARAMETER TEST CONDITIONS ac 
: 
SR+ Positive slew rate VocPP) = 10V, Ayp = —1, = range 
Ry = 2kQ, Cy = 100 pF, 
SR- _— Negative slew rate See Figure 1 Full range 
Avp = -1, To 10 mV 
Settling time 10-V Step, RL = 1 kQ, 
C1. = 100 pF 
Vn Equivalent input noise 25°C 
voltage 


25 
f= 10 “se to 
10 kHz 
f = 0.1 Hz to 
10 Hz 
In Equivalent input noise = 0,f = 10kHz 25°C 
current 
THD +N Total harmonic distortion nr 20 V, Ayp = 10, 25°C 
plus noise on = 1kHz,R_ = 2kQ,Rsg = 25 
U bandwidth ii a a 25°C 
sie aplaael oe = 25 pF, See Figure _ 
Maximum output-swing hee 20V, Ayp = 25°C 
BOM bandwidth = 2kQ,C, = 25 oF 
Phase margin at unity = 10mV,R, = 2kQ, ‘ 


*This parameter is not production tested. 
TFull range is —55°C to 125°C. 


TLE2082M 
TYP MAX 


Cc 
= 
= 


TLE2082AM 
MIN TYP MAX 


fA/VHz 


lo) 


2 


aS 
on 
= 
n 


~~) 
oO 

° 
© 


w @ 


a 
<@) 


es 


ri 


Peak-to-peak equivalent | See Figure 3 


V 
N(PP) input noise voltage 


0.008% 0.008% 


fee] 


Ww w 
* oO (@) 
> 

N 


478" 478* 


4 
INSTRUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 4-427 


TLE2082M, TLE2082AM, TLE2082Y 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at Vcc+ = +15 V, Ta = 25°C (unless otherwise noted) 


lip Input bias current 20. 175 


Common-mode input 
voltage range 


VICR 


13.8 14.1 
13.7 13.9 
11.5. -i2.3 
-13.8  -14.2 
—13.7 —14 
-11.5 -12.4 


Maximum positive peak 
output voltage swing 


Maximum negative peak 


V, 
OM— output voltage swing 


Large-signal differential 
voltage amplification 


fj Input resistance Vic = 0 


Cj Input capacitance Vic = 9, Common mode 
See Fig.5 | Differential 


Zo Open-loop output impedance | f = 1 MHz 


Common-mode 
R $3 ; “ z 
tii rejection ratio Vic = Vicn min, Vo = 0, Rg = 502 


Supply-voltage rejection ratio 
(AVoc +/ AVio) Voec+ = +5 Vtot15V, Vo = 0,Rg = 502 


Vip = 1 
los _—_ Short-circuit output current 7 ea 


Vo = £10V 
Ri = 10kQ 


Tincludes fixture capacitance 


Figure 1. Slew Rate Figure 2. Unity-Gain Bandwidth 
and Phase Margin Test Circuit 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


2 kQ 
a gee Ground Shield Vec+ 
“ Vo = Vo 
Rs Rs tia 
Figure 3. Noise Voltage Test Circuit Figure 4. Input Bias and Offset 


Current Test Circuit 


(Common Mode and Differential) 


Figure 5. Internal Input Capacitance 


typical values 


Typical values presented in this data sheet represent the median (50% point) of device parametric 
performance. 


input bias and offset current 


At the picoampere bias current level typical of the TLE2082M and TLE2082AM, accurate measurement 
of the bias becomes difficult. Not only does this measurement require a picoammeter, but test socket 
leakages can easily exceed the actual device bias currents. To accurately measure these small 
currents, Texas Instruments uses a two-step process. The socket leakage is measured using 
picoammeters with bias voltages applied, but with no device in the socket. The device is then inserted 
in the socket and a second test is performed that measures both the socket leakage and the device input 
bias current. The two measurements are then subtracted algebraically to determine the bias current of 
the device. 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


table of graphs TYPICAL CHARACTERISTICS 


Input offset voltage Distribution 
aVio Temperature coefficient of input offset voltage Distribution 
lio Input offset current vs Temperature 


> vs Temperature 
lip Input bias current 
vs Supply voltage 
VICR Common-mode input voltage range vs Temperature 


VID Differential input voltage vs Output voltage 
vs Output current 
vs Temperature 

vs Supply voltage 
vs Output current 
vs Temperature 

vs Supply voltage 


Vo(pp Maximum peak-to-peak output voltage vs Frequency 
Vo Output voltage vs Settling time 


vs Load resistance 
vs Temperature 
vs Frequency 


Zo Output impedance vs Frequency 


beet ' vs Frequenc 
CMRR Common-mode rejection ratio q Y 
vs Temperature 


vs Frequency 

vs Temperature 

vs Supply voltage 

vs Temperature 

vs Differential input voltage 
vs Supply voltage 

vs Time 

vs Temperature 

vs Temperature 

SR Slew rate vs Load resistance 

vs Differential input voltage 
vs Frequency 

vs Noise bandwidth 

Over a 10-second time interval 


Third-octave spectral noise density vs Frequency 
THD +N Total harmonic distortion plus noise vs Frequency 
By Unity-gain bandwidth vs Load capacitance 


en 
O 


16,17 


VOM+ Maximum positive peak output voltage 


VOM- Maximum negative peak output voltage 16,17 


Avp Differential voltage amplification 


™N 


KsvR Supply-voltage rejection ratio 


Supply current 


32,33 


ie) 
:-S 


Short-circuit output current 


37,38 


Input-referred noise voltage 


p= 


ao 
N ™N 


GBWP Gain-bandwidth product vs Temperature 
vs Supply voltage 


vs Load capacitance 
vs Temperature 

vs Supply voltage 
vs Load capacitance 


fr) Phase shift vs Frequency 
Large-signal pulse response, noninverting vs Time 


Small-signal pulse response 


Phase margin 


vs Time 
vs Frequency 
ay Crosstalk attenuation vs Frequency 
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Percentage of Units — % 


lip and lig — Input Bias and Offset Current — nA 


TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 


JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


DISTRIBUTION OF TLE2082M 
INPUT OFFSET VOLTAGE 


-4 —2.4 —0.8 0.8 2.4 4 
Vio — Input Offset Voltage — mV 


Figure 6 


INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
Vs 
FREE-AIR TEMPERATURE 
100 


0.1 


0.01 


0.001 
-75 -55 -35 -15 -5 25 45 65 85 105 125 


Ta — Free-Air Temperature — °C 


Figure 8 


DISTRIBUTION OF TLE2082M INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 


Percentage of Amplifiers - % 


0 - 
~30 ~24 -18 -12 -6 0 6 ° 12 18 24 30 
Vig — Temperature Coefficient — pv/°C 


Figure 7 


INPUT BIAS CURRENT AND OFFSET CURRENT 
Vs 
FREE-AIR TEMPERATURE 


lip and lio — Input Bias and Offset Current — nA 


0.001 
-75 -55 -35 -15 5 25 45 65 85 10 


Ta — Free-Air Temperature - °C 


or 


125 


Figure 9 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
INPUT BIAS CURRENT COMMON-MODE INPUT VOLTAGE RANGE 
vs vs 
SUPPLY VOLTAGE TEMPERATURE 
106 Vocs + 0.5 


Vcoc+ 


eee 


104 ery G 


Vec+ — 0.5 


Vec- +3.5 


Voc- + 3.0 


lig — Input Bias Current — pA 
ah 
i=) 
wo 


tassel J] 
tj Ta = -55°C ia ectines Veak 


101 Voc- + 2.5 


VicrR — Common-Mode Input Voltage Range —V 


109 Voc- + 2.0 
0 5 10 15 20 25 30 35 40 45 -75 -55 -35 -15 5 25 45 65 85 105 125 
Voc — Total Supply Voltage (Referred To Voc_) - V Ta — Free-Air Temperature — °C 
Figure 10 Figure 11 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 
vs vs 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
400 
> 300 
 & =. 
1 i 
® @ 200 
D D 
Ss = 
S$ 2 100 
3 3 
2. a. 
£ = 0 
Ss Ss 
r= e 
3 5-100 
o © 
= = 
= 7-200 Vecs = £15V 
= a Vic = -0 
> 2300 Rs = 502 
i Tg = 25°C 
—400 
-5 -4 -3 -2 -1 QO 1 ee 4 § -15 -10 -5 0 5 10 15 
Vo — Output Voltage — V Vo — Output Voltage — V 
Figure 12 Figure 13 


TEXAS ti 
INSTRUMENTS 


4-432 POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


Vom. — Maximum Positive Peak Ourput Voltage — V 


Vom — Maximum Peak Output Voltage — V 


TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
MAXIMUM POSITIVE PEAK OUTPUT VOLTAGE MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGE 
VS vs 
OUTPUT CURRENT OUTPUT CURRENT 


Ta = 85°C 
TA = 125°C 


voce 206v | | | | | | 


0 -5 -10 -—15 —20 -—25 -30 -—35 -—40 —45 —50 
Io — Output Current - mA 


Figure 14 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


-75 -55 -35 -15 5 25 45 65 85 105 125 
Ta — Free-Air Temperature — °C 


Figure 16 


Von— — Maximum Negative Peak Ourput Voltage — V 


Moceraeve | Py Te 
5 


0 10 15 20 25 30 35 40 45 50 
Io — Output Current —- mA 


Figure 15 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


a, 
‘enauEoes z 


Voc+ = t15V 


\Vom |- Maximum Peak Output Voltage — V 


1 
-75 -55 -35 -15 5 25 45 65 85 105 125 
Ta — Free-Air Temperature — °C 


Figure 17 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 


JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


MAXIMUM PEAK OUTPUT VOLTAGE 
Vs 
SUPPLY VOLTAGE 


Vom — Maximum Peak Output Voltage — V 


0 25: 5.. 75. 10.42.5315 175 20°225 25 100 k 
IVcc+| — Supply Voltage - V f- in heat Hz 
Figure 18 Figure 19 
LARGE-SIGNAL DIFFERENTIAL 
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION 
vs vs 
SETTLING TIME LOAD RESISTANCE 


Vo — Output Voltage — V 


Settling Time — ps 


Figure 20 


4-434 


Rp = 1kQ 


C, = 100 pF 


TYPICAL CHARACTERISTICS 


Vo(pp) — Maximum Peak-To-Peak Output Voltage — V 


Ayp — Differential Voltage Amplification — dB 
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vs 
FREQUENCY 


Vec+ = 215V 


cla = 25°C, 


Voc+ = £15 v. 


R, — Load Resistance — kQ 


Figure 21 


MPA SEE 
Wises = 224 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


“40M 


TLE2082M, TLE2082AM 


EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 
TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 


FREE-AIR TEMPERATURE 


Ayp — Differential Voltage Amplification — dB 


Vo = £2.3V 


-75 -55 -35 -15 5 25 45 65 85 105 125 
Ta — Free-Air Temperature — °C 


Figure 22 


SMALL-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
Vs 
FREQUENCY 


80° 
100° 
120° 


140° 


Ayp — Differential Amplification — dB 


160° 


180° 
1 10 100 1k 10k 100k 1M 10M100M 


f — Frequency — Hz 


Figure 24 


FREE-AIR TEMPERATURE 


2) 

SRR 
Ee ERE Es! Sie 
Pa seas 


Ayp — Differential Voltage Amplification — dB 


Vo = +t10V 


85 
-75 -55 -35 -15 5 25 45 65 85 105 125 
Ta — Free-Air Temperature — °C 


Figure 23 


CLOSED-LOOP OUTPUT IMPEDANCE 


vs 
FREQUENCY 
100 
Serena nl Ser manana 
ee 
Rr! Ee. 
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‘o en clases 
I Poe eee al 
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10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz 


Figure 25 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO 
Vs vs 
FREQUENCY FREE-AIR TEMPERATURE 


—— = ae 5V | 


CMRR — Common-Mode Rejection Ratio — dB 
CMRR — Common-Mode Rejection Ratio —- dB 


10 100 1k 10k 100 k 1M 10M -75 -55 -35 -15 5 25 45 65 85 105 125 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 26 Figure 27 
SUPPLY-VOLTAGE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO 
FREQUENCY FREE-AIR TEMPERATURE 


KsypR — Supply-Voltage Rejection Ratio — dB 
Ksypr — Supply Voltage Rejection Ratio — dB 


10 100 1k 10k 100k 1M 10M -75 -55 -35 -15 5 25 45 65 85 105 125 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 28 Figure 29 
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Icc — Supply Current -mA 


lcc — Supply Current - mA 


TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


< 
E 
1 
S 
3 
oO 
a 
a. 
a 
| 
” 
1 
2) 
aS) 
0 265 9S 78 10 125 18 175 20 225 25 '=75 -55 -35 -15 5 25 45 65 85 105 125 
IVoc+| — Supply Voltage - V Ta — Free-Air Temperature — °C 
Figure 30 Figure 31 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 
Voct = 215 V 
Voc - = 0 Vic = 0 
Vic = +4.5V Ta = 25°C 
Ta = 25°C t Open Loop 
Open Loop i No Load 
= 
5 
O 
= 
a 
2. 
) 
” 
1 
oO 
2 
-0.5 ~0.25 0 0.25 0.5 —1.5 -1 -0.5 0 0.5 1 1.5 
Vip — Differential Input Voltage — V Vip — Differential Input Voltage — V 
Figure 32 Figure 33 
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TLE2082M, TLE2082AM ; 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
Vs 
SUPPLY VOLTAGE 


Vcec+ = t15V 


¥p-= 0 
Ta = 25°C 


los — Short-Circuit Output Current — mA 
los — Short-Circuit Output Current — mA 


0 25505 «75250: 228! 1617.52 20-225 25 


IVoc+| — Supply Voltage - V t — Elapsed Time — Seconds 
Figure 34 Figure 35 
SHORT-CIRCUIT OUTPUT CURRENT SLEW RATE 
vs Vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
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E 
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ro 
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=] 3) 
1°) cc 
= = 
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-75 -55 -35 -15 5 25 45 65 85 105 125 -75 -55 -35 -15 5 25 45 65 85 105 125 
Ta — Free-Air Temperature -— °C Ta — Free-Air Temperature — °C 
Figure 36 Figure 37 
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SR — Slew Rate — Vi/ps 


SR — Slew Rate — V/us 


TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 


JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SLEW RATE 
vs 
FREE-AIR TEMPERATURE 


-75 -55 -35 -15 5 25 45 65 85 105 125 
Ta — Free-Air Temperature — °C 


Figure 38 


SLEW RATE 
Vs 
DIFFERENTIAL INPUT VOLTAGE 


Ba 


Vip — Input Differential Voltage — V 


el 
Se 


Figure 40 


SLEW RATE 
vs 
LOAD RESISTANCE 


Rising Edge 
pe 


SR — Slew Rate — Vis 


hh! 
=F Mabe aes BP 

elll [TTI LIT 
100 1k 10k 100k 


R, — Load Resistance — Q 


Figure 39 


INPUT-REFERRED NOISE VOLTAGE SPECTRAL DENSITY 
vs 
FREQUENCY 
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coh HMM LUT ETT TUTE 
vot NIM UT EU UT 
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Vn — Equivalent Input Noise Voltage — nV/VHz 
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f — Frequency — Hz 


Figure 41 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


INPUT-REFERRED NOISE VOLTAGE 
. vs INPUT-REFERRED NOISE VOLTAGE 
NOISE BANDWIDTH OVER A 10-SECOND TIME INTERVAL 


Veoct+ = t15V 
f = 0.1to 10 Hz 


rr i “a 
5G) SO Ea eh 
=> coctinmmnaess ae a 


= 


Vn — Input-Referred Noise Voltage — pV 
Vn — Input-Referred Noise Voltage — pV 


10 100 1k 10k 100k 
f — Frequency — Hz t- Time - s 
Figure 42 Figure 43 
THIRD-OCTAVE SPECTRAL NOISE DENSITY TOTAL HARMONIC DISTORTION PLUS NOISE 
FREQUENCY FREQUENCY 


Start Frequency: 12.5 Hz 
Stop Frequency: 20 kHz 


ee = 100,R_ = 2kQP 7 ia 


Ay = 10,R, = 6002 co 
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oe Sa L 
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Noise — dB 


THD + N — Total Harmonic Distortion + Noise — % 


Filter: 10-Hz to 500-kHz Band Pass 


10 100 1k 10k 100k 
Frequency Bands f — Frequency — Hz 
Figure 44 Figure 45 
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THD + N-— Total Harmonic Distortion + Noise — % 


Gain-Bandwidth Product — MHz 


TLE2082M, TLE2082AM 


EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 
TYPICAL CHARACTERISTICS 
TOTAL HARMONIC DISTORTION PLUS NOISE UNITY-GAIN BANDWIDTH 
FREQUENCY LOAD CAPACITANCE 


Se ie at, 
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10 100 1k 10 k 100 k 
f — Frequency — Hz 


Figure 46 


GAIN-BANDWIDTH PRODUCT 
vs 
FREE-AIR TEMPERATURE 


f = 100 kHz 
Vic = 0 
Vo = 0 
Rp = 2kQ 
Ci = 100 pF 


TRCL 
TTS 


7 
-75 -55 -35 -15 5 25 45 65 85 105 125 
Ta — Free-Air Temperature — °C 


Figure 48 


Bz — Unity-Gain Bandwidth — MHz 


Gain-Bandwidth Product — MHz 


Cy_ — Load Capacitance — pF 


Figure 47 


GAIN-BANDWIDTH PRODUCT 
vs 
SUPPLY VOLTAGE 


f = 100 kHz 
Vic = 0 

Vo = 0 

Ru = 2kQ 
CL = 100 pF 
Ta = 25°C 


5 10 15 20 25 
Vcc +| — Supply Voltage - V 


Figure 49 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
GAIN MARGIN PHASE MARGIN 
Vs Vs 
LOAD CAPACITANCE TEMPERATURE 
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-75 -55 -35 -15 5 25 45 65 85 105 125 
Ci — Load Capacitance - pF Ta — Free-Air Temperature — °C 
Figure 50 Figure 51 
PHASE MARGIN PHASE MARGIN 
vs vs 
SUPPLY VOLTAGE LOAD CAPACITANCE 
£ £ 
° @ 
oo i) 
= = 
© w 
% 3 
<= <= 
a a 
I 1 
£ E 
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0 4 8 12 16 20 
I\Vec+! -— Supply Voltage - V Cy — Load Capacitance — pF 
Figure 52 Figure 53 
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TLE2082M, TLE2082AM 
EXCALIBUR HIGH-SPEED 
JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


NONINVERTING LARGE-SIGNAL 
PULSE RESPONSE SMALL-SIGNAL PULSE RESPONSE 
100 


> 
7 - 50 
1 
© 
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O I 
> OS _50 Voc+ = ti5V 
Ay = -1 
Rp = 2kQ 
C, = 100 pF 
Ta = 25°C 
—100 
0 0.4 0.8 1.2 1.6 
t — Time — ps t - Time — ps 
Figure 54 Figure 55 
SMALL-SIGNAL RESPONSE CROSSTALK ATTENUATION 
Vs VS 
FREQUENCY FREQUENCY 
80° 140 
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Figure 56 Figure 57 
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TLE2141M, TLE2141AM, TLE2141Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


D3652, NOVEMBER 1990 — REVISED OCTOBER 1991 


available features 


@ Low Noise: 

10 Hz ... 15 nVNHz 

1 kHz ... 10.5 nV/VHz 
@ 10000-pF Load Capability 
@ 20-mA Min Short Circuit Output Current 
@ 30-V/us Min Slew Rate 
@ High Gain-Bandwidth Product ... 5.9 MHz 

SLEW RATE 
VS 
LOAD CAPACITANCE 


iii 

= 

y 

; Hn A 

By) 

cc 

= 

® 

7) 

ox 

. Nit 
a 

Cy — Load Capacitance — nF 
description 


Vn — Equivalent Input Noise Voltage — nVAHz 


Low Vig ... 500 nV Max at 25°C 
Single or Split Supply ... 4V to 44 V 


340 ns to 0.1% 
400 ns to 0.01% 


Fast Settling Time ... 


Saturation Recovery ... 150 ns 
Large Output Swing ... Vcc- +0.1V 
to Vcoc+ -1V 


EQUIVALENT INPUT NOISE VOLTAGE 
vs 
FREQUENCY 


Voc+ = t15V 
Rs = 100 


f — Frequency — Hz 


The TLE2141M and TLE2141AM are high-performance, internally compensated operational amplifiers built 
using Texas Instruments complementary bipolar Excalibur process. The TLE2141AM is a tighter offset voltage 
grade of the TLE2141M. Both are pin-compatible upgrades to standard industry products. 


AVAILABLE OPTIONS 


Vio max 
AT 25°C 


CHIP 
CARRIER 
(FK) 


Rae 


CHIP 


CERAMIC FORM 


DIP 


(JG) (Y) 


— 55°C to} 500 pV TLE2141AMFK | TLE2141AMJG TLE2141Y 
125°C 900 pV TLE2141MFK TLE2141MJG 


PRODUCTION DATA information is current as of 
publication date. Products conform to specifications 
per the terms of Texas Instruments standard 
warranty. Production processing does not 
necessarily include testing of all parameters. 
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Copyright © 1991, Texas Instruments Incorporated 
On products compliant to MIL-STD-883, Class B, all 
parameters are tested unless otherwise noted. On all 
other products, production processing does not 
necessarily include testing of all parameters. 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


description (continued) 


The design incorporates a patent-pending input stage that simultaneously achieves low audio band noise of 
10.5 nV/VHz with a 10-Hz 1/f corner and symmetrical 40-V/us slew rate typically with loads up to 800 pF. The 
resulting low distortion and high power-bandwidth are important in hi-fi audio applications. A fast settling time 
of 340 ns to 0.1% of a 10-V step with a 2-kQ /100-pF load is useful in fast actuator/positioning drivers. Under 
similar test conditions, settling time to 0.01% is 400 ns. 


The devices are stable with capacitive loads up to 10 nF, although the 6 MHz bandwidth decreases to 1.8 MHz 
at this high loading level. As such, the TLE2141M and TLE2141AM are useful for low droop sample-and-holds 
and direct buffering of long cables, including four 20-mA current loops. 


The special design also exhibits an improved insensitivity to inherent IC component mismatches as is 
evidenced by a 500-uV maximum offset voltage and 1.7-uV/°C typical drift. Minimum common-mode rejection 
ratio and supply-voltage rejection ratio are 85 dB and 90 GB, respectively. : 


Device performance is relatively independent of supply voltage over the +2-V to +22-V range. Inputs can 
operate between Voc_ —0.3 V to Voc, —1.8 V without inducing phase reversal, although excessive input 
current may flow out of each input exceeding the lower common-mode input range. The all NPN output stage 
provides a nearly rail-to-rail output swing of Veg_+0.1 V to Veg 4-1 V under light current loading conditions. 
The device can sustain shorts to either supply since output current is internally limited, but care must be taken 
to ensure that maximum package power dissipation is not exceeded. 


Both versions can also be used as comparators. Differential inputs of Voc can be maintained without 
damage to the device. Open-loop propagation delay with TTL supply levels is typically 200 ns. This gives 
a good indication as to output stage saturation recovery when the device is over-driven beyond the limits of 
recommended output swing. 


Both the TLE2141M and TLE2141AM are available in a wide variety of packages, including both the industry- 
standard 8-pin small-outline version and chip form for high-density system applications. The M-suffix is 
characterized for operation over the full military temperature range of —55°C to 125°C. 
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TLE2141M, TLE2141AM, TLE2141Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


symbol JG PACKAGE FK PACKAGE 
OFFSET N1 (TOP VIEW) (TOP VIEW) 
Ow & OO 
OFFSET N1[]1 LJ sf] NC Zzzz22 

wks IN — 7L] Voc + $2 3 


OUT IN+LJ3 6} | OUT ne f4 18[] NC 
IN- Voc — 14 5] | OFFSET N2 IN- []5 171] Voc4 
Nc {]6 16[] NC 
OFFSET N2 IN+]|]7 15|} OUT 


NC {/8 14/1] NC 


10 11 12 13 


9 

OR - en * ee 
Or. 1 © 
a.0O 2 
O 
> 


=a he 
N 
22 


NC — No internal connection 


chip information 


These chips, properly assembled, display characteristics similar to the TLE2141M. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with conductive 
epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 


OFFSET N1 (1) 


IN+ (3) 


IN— (2) 


OFFSET N2 (5) 


Voc- 
(4) 


CHIP THICKNESS: 


15 TYPICAL 


BONDING PADS: 
4X4 MINIMUM 


Ty max = 150°C 


TOLERANCES 
ARE +10% 


ALL DIMENSIONS 
ARE IN MILS 
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TLE2141M, TLE2141AM 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SLs SMMCNT I Coto TRRO WOMBAT oe sc bel tl PAL Cy Cin Ghee’ s «tie eo ORNL peace ety gids 22 V 
SUnparouMe, Wer (SORE EP Lice! 50h + pu ad bina oa cet Fae kha we pa geee nae era aM —22V 
Loran WO SOO Cate 2) ge Shoes ae ok gE Ga we eas be QO eel Mae +44 V 
iC ena fatige Vitae TIPU) ee SOU Ne Sele Pas as Gees ce bee bs Voc+ to Voc —- 0.3 V 
POEL eet At ere UIE oh 5 son. oe ete Fie cid endl av ds Wench won beng eee # ns so ESLER +1 mA 
RMI CAIRN Le boa sik sons cc ARO in = lesa ROR WU e's Feet 4 nr dike bs a ae EOE Sem +80 mA 
ARE IS, MIA 8 ie, go «o's SES st Aralto sign 'd # oie Rpyeeae ain 4 Lak ios 9 S Rieraty p Ak al ee 80 mA 
Pe, SOU COT 6 5%, « MEE Ve diac s a's et acy he oct ahs 6 as cg edie Fe eee 80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)............. cc eee ee ee eee unlimited 
REA Tr IGT sco io ak: © wn 0 SOE OAWEE Gee) ence a Dade Ge dace wate See Dissipation Rating Table 
CTEM AOmO-OI TOOT ANION ys cscs dw edots tens banal -55°C to 125°C 
pene EN PARNOG S65... i Sb st ele ee OE. Ses Oa vives Ew bale wed orgs eels Beles baad —65°C to 150°C 
isaGe TOMmeranine 106 G0 SCONES: FIR DACKAIO Sik icc sek ve ae bad Sigseiece cre b wllg PE SUG a eats 260°C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting inputwith respect to the inverting input. Excessive current will flow if input is brought below 
Voc—— 0.3 V. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


PACKAGE Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 105°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 
FK 1375 mW 11 mW/°C 880 mW 495 mW 275 mW 


JG 


1050 mW 8.4 mW/°C 672 mW 378 mW 210 mW 


recommended operating conditions 


To ne Ri is iS ASR ER A, fl I Le Res ET TE 
Supply voltage, Voc + ee: tee Beat 


V 
Common-mode input voltage, Vic BeOS 2S » i V 
Voc+ = t15V —15 12.7 
Operating free-air temperature, Ta Or. eee ey 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


TLE2141M TLE2141AM 
PARAMETER 


Cc 
< 
= 


Input offset voltage ee aaa 
Fulrange| __—2100 1700 | 
Temperature coefficient of ft Sess 17 17 vec 
input offset voltage ; , s 
iat alfa carat 8 100 
n 
Fukeange | Gave 16 fig ere 


-0.3 —0.3 

25°C to to to to 

Common-mode input 3 3.2 3 3.2 
0 6-03 0) «6-03 


voltage range 


Full range to to to to 
27 2.9 
Mlon= 100A 
re 
| Hgys-15mA me 
High-level output voltage eis 5 100 Wa V 
2 Seta a 
Pon ==10ma peeeis See 
ee 75128 
SS San a ae 
CS ikdekeag ate 
ee re 
a Ce er 
ae ee 


Vocz = #25V,R,=20| 25° | 60 200 | 60 20 
| ea eee cr ae ae A 


Large-signal differential 
AvD ce Se 
voltage amplification 


22> Sa rs Fe es ee Oe 

a a aN A GT ETT 

i ER RR MA Ser 

ee ee ee 
rejection ratio ng = 500 Ries Se Secs sie To 

fem esata) (Reto it 
{Voc +/ AVi9) = 50.0 Fame 6 oe See 
=25V, _ Nolead 

Vg = 25V = Rama A ago cates Maal 

Ic = 2. ge 


= range is —-55°C to 125° C 


TEXAS 4 
INSTRUMENTS 


4-450 POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 


TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc = 5V,T, = 25°C 


PARAMETER TEST CONDITIONS 
[SRe Positive slewrate | Ayp = 1, = eka, Sore ae oor 
[SR- Negative slew rato __[O_~ 500pF 


Ayvp = -1, To 0.1% | 0.1% 
Settling time VD - 
2.5-V Step To 0.01% 


y Equivalent input noise Rs = 100, f = 10Hz wae «see 
n _voltage Rg = 1009, f= 1kHz img ee 


V 
N(PP) input noise voltage f = 0.1Hzto 10 Hz BRS RT 


15 
.48 
92 
§7° 


Peak-to-peak equivalent |f = 0.1 Hz to 1 Hz 0 
1 


; Equivalent input noise f = 10 Hz 
‘i current f = 1 kHz 


ic distort 3 =2kat 
THD+N Total Reais Setoron Vo = 1Vto3V, Ry =2kQ!, 0.0052% 
plus noise Avp = 2, f = 10 kHz 
; Ry = 2kaT, Cy = 100pF, 
- d duct 
Gain-bandwidth produc +. ib kus 


B Maximum output-swing Ri = 2 kat, Vo(PP) = 2V, 
OM bandwidth Avp = 1 
den rnaes neg at Bio 2 kat. Cy = 100 pF 
unity gain 


TR, terminates at 2.5 V. 


Texas W 
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TLE2141M, TLE2141AM | 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc+ = +15V (unless otherwise noted) 


TLE2141M TLE2141AM 
PARAMETER TEST CONDITIONS Tat rae a ee | UNIT 
V Input offset voltage Sie a V 
ata : Full range 17D | Seve ramet 
Temperature coefficient of 
“VIO input offset voltage 


7 100 7 100 
lo Input offset current nA 
lip Input bias current 


ST a 
0.7 -15 0.7 -15 
pA 
Common-mode input 
voltage range 


Full range “1.8 


V Re = 502 
ICR Ss 153 


to 


-15.3 —15 
to to 


lo = —150 pA 


ig = =1.5 mA 25°0 

Vom, Maximum positive peak : 
output voltage swing 
Fullrange| 188 
i Lae Age ce eee ees 


lo = 1.5mA -145 -148 ~145 -148 
lo = 15mA 48> 158 ~13.4 -13.8 


lo = 150 pA -14.7 -14.9 -14.7 -14.9 
25°C id 
io = 100 HA ea) Gee oo ee 


Maximum negative peak 


VOM — 
OM output voltage swing 


Fullrange| 145 18S 
Lage-signal diferenial bn og 
celiage aimabiicaiion tee ish 
f;___ Input resistance eg ee eee eee 
cj___Input capacitance Sa Se ee es eee 
25°C 
Vic = Vion min : 
rejection ratio Rg = 50.0 deel M0 ee 
es 
(aVo¢ +/ AVio) Rg = 500 Fuge, 008 | ee 
a - 
Vo= 0 Noload Pr ee ee ee ee 
Vic = 25V 


TFull range is —-55°C to 125°C. 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = +15,T, = 25°C 


SR - Negative slew rate [ = 


Lae Ayp = -1, 
i voltage Rg = 100Q, f = 1kHz 
-———Peako-peak equivalent 
NPP) input noise vole 


Equivalent input noise f= TOHZ 
n current f = 1kHz 
Total harmonic distortion | V, = 20V,R) = 2kQ, 
THD +N | sania! . 
plus noise Avp = 10, f = 10 kHz 
By Unity-gain bandwidth R_ = 2kQ, Cy = 100 pF 
: : Rp = 2kQ2, Cy, = 100 pF, 
Gain-bandwidth product f = 100 kHz 


B Maximum output-swing VocpP) = 20 V, RL = 2kQ, 
OM bandwidth Ap = 1, C, = 100 pF 


Phase margin at unity 
mn gain 


2kQ, Cy = 100pF 
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TLE2141Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc+ = +15V,Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


Te Input offset voltage 200 1000 
lio Input offset current Vic = 9, Rg = 509, Vo = 0 7.2100 
lB Input bias current 


Common-mode input 
voltage range 


VICR Rg = 502 


os Io = -150 HA 
Via Maximum positive peak Io =—1.5mA 
: output voltage swing ine =<T: mA 133. 137 
Maximum negative peak output ot —— 
Vom — lo=1.5mA —145 -14.8 V 
ae lo = 15mA “a4 186 


R -signal diff tial 
Avp Racial cage Vo = £10V, RL = 2kQ 100 450 VimV 
voltage amplification 


RRR 7 ee a ee a eineen eee! aeons aed RT 
Zo Open-loop output impedance | _f = 1 MHz 
CMRR eae Vic = Vionmin, Rg = 502 80 108 pee 
rejection ratio 
Supply-voltage rejection ratio 
k V =+25Vtot15V, Re = 502 85 106 
adsl (AVcc +/ AVio) ies " 
Vip = 1V -25 -50 
| Short-circuit output current Vo = 0 ris Aaa aioe A 
i FSi Bad 20.31 ‘ 
loc Supply current Vo = 0, No load 3. 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


TABLE OF GRAPHS 


Vio Input offset voltage Distribution 
iio Input ofset current 


vs 
p vs Temperature 
iB Input bias current 
vs Common-mode input voltage 
Ss 


vs Supply voltage 


—s 


vs Temperature 


V, Maximum positive peak output voltage 
OM+ m : : 2 vs Output current 
Settling time 
Supply voltage 
VON- Maximum negative peak output voltage MI a ica 


vs Output current 
Settling time 


Vorpp) Maximum peak-to-peak output voltage swing 
Vou Low-level output voltage 
Avp Differential voltage amplification 
vs Frequency 
los __Shor-crcuit output current : 
CMRR Common-mode rejection ratio VE. ETORIODEY 8 
vs Temperature 18 
ee ; vs Frequency 
k Supply-voltage rejection ratio 
vs Temperature 21 
loc Supply current 
vs Supply voltage 22 


Equivalent input noise voltage 


vs Time 
By Uniy-gain bandwith 
[tm Phase margin —=~=~“‘“*™S™S™S™C~C~*dSCWS~~Load capacitance 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


TLE2141M INPUT OFFSET CURRENT 
DISTRIBUTION OF vs 
INPUT OFFSET VOLTAGE FREE-AIR TEMPERATURE 
236 Units Tested From 1 Wafer Lot 
Vec+ = t15V 
Ta = 25°C < 
JG Package * 
32 1 
rH 
2 : 
5 5 
xe) © 
0 S 
2 S 
= & 
o. 1 
2 
acetate net 0 
— 800 — 400 0 400 800 -75 -50 -25 0 25 50 75 100 125 150 
Vio — Input Offset Voltage — pV Ta — Free-Air Temperature — °C 
Figure 1 Figure 2 
INPUT BIAS CURRENT INPUT BIAS CURRENT 
Vs vs 
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE 
— 1000 
—900 
r a 
= r- 
E -800 S 
5 5 
8 g 
o a 
5 -700 ce = 
: t scicubae= : 
1 i 
a] a) 
= —600 - 


—500 ‘ 
-75 -50 -25 0O 25 100 125 150 -3 -25 -2 -15 -1 -05 0 0.5 1 
Ta — Free-Air HGS Oe - °C Vic — Common-Mode Input Voltage — V 
Figure 3 Figure 4 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
15 
; wo eee 
3 wae eee oe 
® Le>) 
BIS ie ee 
2 3 
bine. 
x = Zz : 
wo ® 
sis ee 
= | 
rs £ 
El foe 
i ager 
2 > S-14.6 
; pipare 9 tg 
a! : ire Se ee 
0 3 6 9 125i 18 -1Oc0°. ~ 24 -75-50-25 0 25 50 75 100 125 150 
Voc+ — Supply Voltage — V Ta — Free-Air Temperature — °C 
Figure 5 Figure 6 
MAXIMUM POSITIVE PEAK MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
OUTPUT CURRENT OUTPUT CURRENT 
; 7 13.4 
o ® 
8 8 _13.6 
: : he 
: il 
= =] 
e) 
: x -14 
s o 
a. a 
s $ -142 | 
‘on wo 
77) 0 
“4 3 -14.4 atin 
: | i il 
£ £ -14.6 Ly 
: i CHE AU 
: : ke UU | 
2 Oo - 4S uueee — 
eS. ae S See wf Ih =a 100, = 0.1 ya | 100 
Io — Output Current — mA Io — Output al mA 
Figure 7 Figure 8 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK 
MAXIMUM PEAK OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs VS 
SETTLING TIME FREQUENCY 


ieee 03 BH: ; 

ATL ee 
NN gee Hl 

tN ( ll 


12.5 
Ayp = -1 
10F- Voc = + 15V 
Ta = 25°C 


aa. 
mc 
EBs 


Vom — Maximum Peak Output Voltage — V 


Hg TN 
SAbnALGaué 


VocpP) — Maximum Peak-to-Peak Output Voltage — V 


So ri 


200 300 400 500 


Settling Time (ns) 
Figure 9 


HIGH-LEVEL OUTPUT VOLTAGE 


Vs 
nae 


OUTPUT CURRENT 
ik 

\\ 

hh 

| 


4.6 


4.4 


4.2 


‘ 
aaa Mt 


CUNT TIS IT 


3.8 


VoH — High-Level Output Voltage - V 
& 


Io — Output Current — mA 


Figure 11 


0 
100 k 400 k 1M = 10M 
f — Frequency — Hz 
Figure 10 
LOW-LEVEL OUTPUT VOLTAGE 


vs 
OUTPUT CURRENT 


Vec = 5V | 


VoL — Low-Level Output Voltage — mV 


ae Cries LI 
aaa Ta «2 ~8§° 
a anil £ : 


0.1 100 
lo- ae aunts ae 


Figure 12 
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Ayp — Differential Voltage Amplification - dB 


Zo — Output Impedance — 2 


TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
VOLTAGE AMPLIFICATION AMPLIFICATION AND PHASE SHIFT 
Vs vs 
FREE-AIR TEMPERATURE FREQUENCY 


Vec+ = £15V 


Vo = +10V 


rea) 
so) 
i 
Cc 
2 
8 
= 80° 
= = 
E 100° = 
o 120° o 
E 8 
S 140 & 
3 160° 1 
3 180° 
o 
= 200° 
a 
1 220° 
a C_ = 100 pF z 
< Ta = 25°C zs 

260° 
-75 -50 -25 0 25 50 75 100 125 150 1 10 100 1k 10k 100k 1M 10M 
Ta — Free-Air Temperature — °C f — Frequency — Hz 
Figure 13 Figure 14 
CLOSED-LOOP OUTPUT IMPEDANCE SHORT-CIRCUIT OUTPUT CURRENT 
Vs VS 
FREQUENCY FREE-AIR TEMPERATURE 


60 


50 


40 


30 


\los| — Short-Circuit Output Current — mA 


20 
1k 10k 100 k 1M 10M -75 -50 -25 0 25 50 75 100 125 150 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 15 Figure 16 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO 
VS vs 
FREQUENCY FREE-AIR TEMPERATURE 


Vcc+ = £15 V 


CMRR — Common-Mode Rejection Ratio — dB 
CMRR — Common-Mode Rejection Ratio — dB 


100 1k 10k 100 k 1M -75 -50 -25 0 25 50 75 100 125 150 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 17 Figure 18 
SUPPLY-VOLTAGE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 


110 


106 


104 


102 


KsypR — Supply-Voltage Rejection Ratio — dB 
KsyR — Supply-Voltage Rejection Ratio — dB 


100 


10 100 1k 10k 100k 1M 10M -75 -50 -25 0 25 50 75 100 125 150 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 19 Figure 20 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


lcc — Supply Current - mA 


Vn — Equivalent Input Noise Voltage — nVNHz 


TYPICAL CHARACTERISTICS 
SUPPLY CURRENT SUPPLY CURRENT 
vs VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


3.8 


Vo = 0 
No Load oy 


ra = 125°C 


3.6 = 
A ging < 
Nines ae ag 
1 
Al a 08 : 
3.4 D 
=~ 
a 
3.2 Th if = 
” 
1 
O 
L 
3 
No Load 
2.8 
-75 -50 -25 0 25 50 75 100 125 150 0 4 = 12 16 20 24 
Ta — Free-Air Temperature — °C IVec+|— Supply Voltage — V 
Figure 21 Figure 22 
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE 
vs OVER A 10-SECOND PERIOD 
FREQUENCY 


250 
as Reet 
Rs = =O, 
200 \ 500) T, = 25°C 


150 


100 


f — Frequency — Hz 


Figure 23 


750 
Vcc+ = t15V 
= 1009 f = 0.1 to 10 Hz 
> 
| 
|. .<258 
® 
(ey) 
8 
>. 2 
® 
” 
ic) 
a 
Ss -250 
Qa. 
£ 


t- Time -s 


Figure 24 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
NOISE CURRENT TOTAL HARMONIC DISTORTION 
vs PLUS NOISE vs 
FREQUENCY FREQUENCY 


32 
1 
® 
2 
2) 
= 
- + 
E 5 
a 5 
i = 
~ Q 
5 ° 
: - — Com 
® iss) 
2 ° Ss 
2 NT 1AS a % 001 ee ili i Wy 
] NN Qe LET Tire Lp 
NN 2 
+ 
#e Q 
— = 
Nii ee ae 
1 10 100 1k 10k 10 100 1k 10k 100 k 
f — Frequency — Hz f — Frequency — Hz 
Figure 25 Figure 26 
SLEW RATE SLEW RATE 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
50 
iia Ba 
40 | 
> 
1 t ..-9 
ec oc 
> F 
a = 20 
oc < N 
w” ” 
10 NN! 
Vec+ = t15V 
Ayp = -1 
; 0 Ta = 25°C 
-75 -50 -25 0 25 50 75 100 125 150 0.01 0.1 1 10 
Ta — Free-Air Temperature — °C C._ — Load Capacitance — nF 
Figure 27 Figure 28 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
NONINVERTING INVERTING 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


Ta = 125°C 


15 


Ta = 25°C Bike. 


@ 10 
ms > 
1 ie Es ee mee ear a? ‘wR ees ee 
@® | he FS ° 
F Ta = —55°C fy Ta = 125°C iS ae Ha 
S- ee 
2 Es 
5 = Ta = 125°C 
a tL = —5§5°C . _5 ee 
fe) Tp '= 25°C 4 MAT a= = 25°C 
> A= > 
Ayp = 1 -10 Ayp = -1 
Ry = 2kQ 
Rp = 2kQ L 
Ta = 125°C 
C, = 300 pF 7% td OL. = eee Be 
0 1 2 3 4 5 0 1 2 3 4 5 
t - Time - ps t— Time — ps 
Figure 29 Figure 30 
UNITY-GAIN BANDWIDTH 
SMALL-SIGNAL vs 
PULSE RESPONSE LOAD CAPACITANCE 
100 
Veocs = £15V 
N 
= 
> 
E om I 
s 
© 3 
Ey Z 
rr} c 
9 - 
| = 
= 3 
O 
6 re 
i Veoc+ = £15V = 
2_ 50 . 
oO 
C_ = 300 pF 
— 100 
i) 400 800 1200 1400 
t - Time - ns Cy — Load Capacitance — pF 
Figure 31 Figure 32 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


GAIN MARGIN PHASE MARGIN 


vs Vs 
LOAD CAPACITANCE LOAD CAPACITANCE 


Ng . 
” 
: 
10 
at : NY il 
se) f 
1 N 
D o 
a nN Ss 
INN 
a). IN \ jj : 
is] <= 
: 4 TITIES NI Ih et o 5 
CTI Ne: 
CC Tl 
10 100 1000 10000 10 100 1000 10000 
C;_ — Load Capacitance — pF Cy, — Load Capacitance — pF 
Figure 33 Figure 34 
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TLE2142M, TLE2142AM, TLE2142Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


— REVISED OCTOBER 1991 


D3667, MARCH 1991 


available features 


e Low Noise: 
10 Hz ... 15 nV/VHz 
1 kHz ... 10.5 nV/VHz 
e 10,000-pF Load Capability 
@ 20-mA Min Short-Circuit Output Current 
@ 30-V/us Min Slew Rate 
e High Gain-Bandwidth Product ... 5.9 MHz 
SLEW RATE 
vs 
LOAD CAPACITANCE 
‘CONC 
a ee Nt 
TD ine id Gs aad oe BS 
> 
30 
2 
wo 
c 
o 20 
I 
co 
10 
\ 
1 10 
C. — Load Capacitance — nF 
description 


e Low Vic ... 750 pV Max at 25°C 
e Single or Split Supply ... 4Vto44V 
e Fast Settling Time ...340 ns to 0.1% 
400 ns to 0.01% 
e Saturation Recovery ... 150 ns 
e Large Output Swing ... Vcc- +0.1V 
to Vcc+ -1V 
EQUIVALENT INPUT NOISE VOLTAGE 
VS 
FREQUENCY 


Vec+ = t15V 
Rg = 1002 


WY 
\ 


Vn — Equivalent Input Noise Voltage — nVANHz 


f — Frequency — Hz 


The TLE2142M and TLE2142AM are high-performance internally compensated operational amplifiers built using 
Texas Instruments complementary bipolar Excalibur process. The TLE2142AM is a tighter offset voltage grade of 
the TLE2142M. Both are pin-compatible upgrades to standard industry products. 


AVAILABLE OPTIONS 


— 55°C to 
125°C 


‘ Vio max pa ge PARACEL ao rom 
A AT 25°C CARRIER 
(FK) aes 


G 
750 pV | TLE2142AMFK | TLE2142AMJ TLEO142Y 
1200nV | TLE2142MFK | TLE2142MJG 


Ase cia = ee is ee as » oe ot Copyright © 1991, Texas Instruments Incorporated 

roducts coniorm to specitications per the terms of lexas Instrumenis On products compliant to MIL-STD-883, Class B, all parameters 

irae pega Annes processing does not necessarily include TEXAS vi are tested unless otherwise noted. On all other products, 

testing of all parameters IN RUMEN production processing does not necessarily include testing of all 
ST : i S parameters. 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


description (continued) 


The design incorporates a patent-pending input stage that simultaneously achieves low audio band noise of 
10.5 nV/VHz with a 6-Hz 1/f corner and symmetrical 40-V/us slew rate typically with loads up to 800 pF. The resulting 
low distortion and high power-bandwiadth are important in hi-fi audio applications. A fast settling time of 340 ns to 
0.1% of a 10-V step with a 2-kQ/100-pF load is useful in fast actualonportonna drivers. Under similar test 
conditions, settling time to 0.01% is 400 ns. 


The devices are stable with capacitive loads up to 10 nF, although the 6-MHz bandwidth decreases to 1.8 MHz at 
this high loading level. As such, the TLE2142M and TLE2142AM are useful for low droop sample-and-holds and 
direct buffering of long cables, including 4 mA to 20 mA current loops. 


The special design also exhibits an improved insensitivity to inherent |C component mismatches as is evidenced 
by a 750-uV maximum offset voltage and 1.7-uV/°C typical drift. Minimum common-mode rejection ratio and supply- 
voltage rejection ratio are 85 dB and 90 dB, respectively. 


Device performance is relatively independent of supply voltage over the +2-V to +22-V range. Inputs can operate 
between Vcc_—0.3 V to Voc ,-1.8 V without inducing phase reversal, although excessive input current may flow 
out of each input exceeding the lower common-mode input range. The all-NPN output stage provides a nearly rail- 
to-rail output swing of Voc_+0.1 V to Voc,-1 V under light current loading conditions. The device can sustain 
shorts to either supply since output current is internally limited, but care must be taken to ensure that maximum 
package power dissipation is not exceeded. 


Both versions can also be used as comparators. Differential inputs of Vec¢+ can be maintained without damage to 
the device. Open-loop propagation delay with TTL supply levels is typically 200 ns. This gives a good indication as 
to output stage saturation recovery when the device is over-driven beyond the limits of recommended output swing. 


Both the TLE2142M and TLE2142AM are available in a wide variety of packages, including both the industry- 
standard 8-pin small-outline version and chip form for high-density system applications. These devices are 
characterized for operation over the full military temperature range of —55°C to 125°C. 
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TLE2142M, TLE2142AM, TLE2142Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


JG PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


OUT 


NC — No internal connection 
chip information 
These chips, properly assembled, display characteristics similar to the TLE2142M (see electrical table). Thermal 
compression or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with 
conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 


(3) 1 IN + 
1 OUT (1) 
(2) 1 IN 


(5) 2IN + 
2 OUT (7) 
(6) 2 IN - 


CHIP THICKNESS: 
15 TYPICAL 


BONDING PADS: 
4X4 MINIMUM 


Tymax = 150°C 


TOLERANCES 
ARE +10% 


ALL DIMENSIONS 
ARE IN MILS 
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89P-7 


equivalent schematic (per amplifier) 


VCCc+ 


iy 
Vcec- 


tS 


a sgh: ee I RE 
romaey PT Pe |e 
‘Z ee ee fear 

|) Ae a 

io |e alt aie Maes te 

ip | ete a : 
az 

at 


G44d$-HOIH ASION-MO1 YNEITWOXA 
INV2vECATL ‘2b hea 


SYAls Td TWNOWWd4d0 1WNG NOISI94Yd 


TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


RUE VONnae Wer GCG Pete ty ee). ia Fle cca eI Seales veh. du noe see eau ees 22 V 
Ug Fas by ae an arg eee eee were eRe gee RET een ok weer, eerie aie ga ie ee oe eo —22 V 
DiRT RRNAL iNGth Voumae 1906 ONO Oy ie seis ee es te pet ee en PEER Voc +t0 Voc - 
EERE TANGER ee tO ee trees ne a ot ose Se Voc + to Voc —- 0.3 V 
MEE UG NE 1 ONY ep -d g voce os es Rien Ged he oe vy SA Ih de ee ba Wee ee ote +1 mA 
CR rt I eee ee ae ies ot eel ine aoe eee ee +80 mA 
Ris Sn oy ea aa volgen rere a eo ee eee nere oh ae pepe ESR area» 160 mA 
ueenees eet OF -V re SOUR stark etn hl a ae tee oo hee eee eT eee 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3).............. 00 ce eee eee eee unlimited 
SOTUNTIOUS AOLE CISSINGIIOR sor re re ee a es See Dissipation Rating Table 
Operating free-air temperature range, TA cece eee eee — 55°C tp 125°C 
aN TE PNA So a oh og 5S cao Ss ROE 2 Hace A 8 Sd tikes be, wal —65°C to 150°C 
Cee rere oreo Seco Fre -pocaee as in. ESE S OT a a Pe et eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if input voltage is 
brought below Voc _ — 0.3 V. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 
Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 105°C Ta = 125°C 
POWERRATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 


1375 mW 11.0 mW/°C 880 mW 495 mW 275 mW 
1050 mW 8.4 mW/°C 672 mW 378 mW 210 mW 


PACKAGE 


Supply voltage, Voc + +2 


Common-mode input voltage, Vic 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


eee TLE2142AM 
PARAMETER TEST CONDITIONS Stat by oo MAX MIN TYP . = UNIT 
GES AEE 220 1900 
Full range sam noi ‘ 
Temperature coefficient of "3 SP Sia 17 
input offset voltage - nies 7 
LIL SREBOLARK 1 CNS 
=o 
Fulrage| se] 
-—0.3 0 -03 
25°C to to to 
Common-mode input = 600 3.2 3 3.2 
voltage range 
Full range 


eeraer os 

ich dvetanactvelean 
3.75 
fous twa ange 865 3.65 
3.48 
a 
235 ae 
RUE OR 

Low-level output voltage a Elan 
gest mA Fu range oY 
oL=1 mA 35a) | 


pV/°C 


4 

oS 

o1 
© on co] oo 
+] © 


voltage amplification = 1Vto-1. 5 V ee 
i a Aes ie ae 
ff hestepstnes [a Pe 
at Hala a 

Common- mode vc = VicR min, 85 118 
= 50.0 Farnoge| eo 

‘Veo4/ AVi0) = 60 Farge ee —— 

: v0 55v,—WoTead 
= 25V cr ae 

ge 


range is —55°C to 125°C. 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc = 5V, Ta = 25°C 


TLE2142M TLE2142AM 
PARAMETER TEST CONDITIONS MIN” TYP MAX MIN TYP MAX UNIT 


| MIN TYP MAX | 
SR+ _Positvesiewrate | Avp = -1, Ry = 2kat aes ees Bea 
SR- Negative slew rate | C_= 00 pF es 
ok NOH Leet | Oe Pee ey 
keen dicot 25-V Step _ | T0.0.01% ee es ee 
Equivalent inputnoise | Ag = 100, f = 10Hz LES, | ice ee ee. aie 
NN(PP) voltage Rg = 1000, f= 1 kHz ie ee 
____ Peak-to-peak equivalent | f = 0.1 Hz to 1 Hz 
"input noise volage | = 0.1 Hz to 10 Hz Oe ee 
Equivalentinput noise | = 10 Hz EE OR ee 
re current aa oe | | ee 


Total harmonic distortion | Vo = 1Vto3V,R) =2 kQt, 
oy 0.0052% % 
Unity-gain bandwidth Ri = 2 kat, Cy, = 100 pF nee oe 
RL = 2kQt, Cy, = 100pF, 
Bom —_ Gain-bandwidth product f= 100 kHz 
: eee 


Maximum output-swing RL = 2kQt, Voyppy = 2V, 


bandwidth Ayp = 1 
Ry = 2kat, Cy = 100pF 67° 


TR, terminates at 2.5 V. 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = +15 V (unless otherwise noted) 


[TLe21a2M | ——CTLE2i42AM 
PARAMETER TEST CONDITIONS oo MAX | MIN TYP MAX 
290 1200 275 750 
SU mmm i nn Full range 
Temperature coefficient of 
Full 1.7 1.7 
lio Input offset current 
lip Input bias current 


Common-mode input 
voltage range 


Rs 


VICR 


50 Q : 
Full range 
127. 2g 


25°C 
Full range 
. 


lo = 150 pA = 14.7 7-149 14.7 —149 
25°C V 


Maximum positive peak 
output voltage swing 


lo = 1.5mA -14.5 -—14.8 -145 -—14.8 
Maximum negative peak lo = 15mA -13.4 -—13.8 —-13.4 -13.8 


output voltage swing lo = 100 HA eee eae eo) 
igs mA ling ee ee 
an 

Large-signal differential Vo = £10V, Ry = 2ko 100 450 100 450 

voltage amplification Ful range 


ORE CL ees SS a SE 2s | SR RS 


: 
| 
< = 
re) oi= = ae - 5 S 


ej Input capacitance eee a ee eee ee ee 
Zo Oper-loop output impedance | T = 1 Mz 
céRR Common-mode Vic = VicR min, 85 108 85 108 
rejection ratio Rg = 50.0 em TO pe 
Supply-voltage rejection ratio] Voc4 = +2.5V tot 15 V, 90 106 90 106 
(AVoc +/ AVio) Rs = 502 Full range 85 
S 
nee Vin = 1V -25 -50 -25 -50 
| Short-circuit output current | Vo = 0 25°C 
o ; Vip = —1V 0. a st ay 
Vo= 0 Nolead, [ac | e9 ef 68 | 
| Suppl 
SP Vig = 25V ge ee eh 


TFull range is —55°C to 125°C. 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = +15 V,Ta = 25°C 


— TLE2142AM 
PARAMETER TEST CONDITIONS 


Ss RAR on abode By Oy ee se ee ieee Te oe ada 
aoe V/us 


SR- _ Negative slew rate Cy = 100 pF 30 42 
aii Ayp = 1, [100.1% 


Equivalent input noise Re = 100, f = 10Hz Pies Py | ers Vives 
iad Rg = 1000, f = 1 KHz CL ee ee 
Peak-to-peak equivalent | = 0.1 Hzto 1 He , 
YN(PP) input noise voltage [f= 0.1 Hato 10 He MNT masts ee a 
Equivalent inputnoise | f = 10 Hz COC ti aes Minas «Sey 
f= 1 He sat 


V = 20V, Ay = 2kd, 
THD +N Total harmonic distortion seer L 0.01% art, 
plus noise Avp = f = 10 kHz 


Gain-bandwidth duct oh Te Paes i 
ain-bandwidth produc ~ 100 kHz 
m % , = 20V, Ri = 2kQ, 
eines ota ening — : eis 


bandwidth AvpD = Cy = 100 pF 


Phase margin at unity RL = 2kQ, Cy, = 100pF 
gain 
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TLE2142Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc+ = +15 V, Ta = 25°C (unless 
otherwise noted) 


Vio Input offset voltage 
lo Input offset current 
iB Input bias current 


Common-mode input 
voltage range 


VICR 


Was. cubed cag pea lo=—15mA 137 14 Vv 
output voltage swing lo=—15mA 133 137 
lo = 150 pA ~14.7 —=149 
Vom _ nals negative peak output Io=1.5mA Tae dae y 
scala io= 15 mA 134-138 
A Large-signal differential 
VD es, Vo = £10V, Ry = 2kQ 100 450 V/imV 
voltage amplification 
fo me [oO eee ee ee 
a nee ea 
Zo Open-loop output impedance f = 1 MHz 
Common-mode ; 
CMRR Vic = V min, Re = 50Q 
rejection ratio ie GR S 6s bie 
ksyr Supply-voltage rejection ratio Voce = £2.5Vtot15V, Rg = 509 


(AVcc +/ AVio) 


Vip = 1V 

los Short-circuit output current = 0 

Vip =-1V 
loc Supply current = 0, Noload — 


< < 
: 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


TABLE OF GRAPHS 
Vio ___nput offset voltage 
ilo ___Input offset current 
liB 


: vs Temperature 
Input bias current sa 
vs Common-mode voltage 
vs 


Supply voltage 
vs Temperature 
vs Output current 
Settling time 
Supply voltage 
vs Temperature 
vs Output current 
vs Settling time 

s 


Vovpp Maximum peak-to-peak output voltage swing 
Vou High-level output voltage 
VoL Lowevel ouput votage 


Avp Differential voltage amplification 
vs Frequency 


Z____ Closed Toop output impedance 
log __Short-crcuit output current 


Nee? vs Frequenc 
CMRR Common-mode rejection ratio q y 
vs Temperature 


VOM+ Maximum positive peak output voltage 


Von-— Maximum negative peak output voltage 


13 
14 


es 
NN] oO 


18 
he : vs Frequency 19 
k Supply-voltage rejection ratio 
Supply current vs Temperature 21 
C vs Supply-voltage 22 


Nm 
w 


Vn(PP Noise voltage Over a 10-second period 
Eapivaont npul nelge GnaR 
THD +N __ Total harmonic distortion plus noise 


SC ence ee 
SR Slew rate 
Pulse response 


MN} rM 
nt > 


Ic 
Va Noise voltage 
In 


mir 
COIimN 


Wa] @a] ae 
&}_Q@ip]— 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


TLE2142M INPUT OFFSET CURRENT 
DISTRIBUTION OF vs 
INPUT OFFSET VOLTAGE FREE-AIR TEMPERATURE 


236 Units Tested From 1 Wafer Lo 


< 
c 
ae 
r= 
z g 
= 5 
me oO 
r 3 
: 5 
= ~ 
= & 
a. ! 
o 
— 800 — 400 0 400 800 -75 -50 -25 0 25 50 75 100 125 150 
Vio — Input Offset Voltage — pV Ta — Free-Air Temperature — °C 
Figure 1 Figure 2 
INPUT BIAS CURRENT INPUT BIAS CURRENT 
Vs Vs 
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE 
— 1000 
<« ~900 
c 
1 
5 
= —800 
3 
Oo 
8 
a) 
5s -700 
2. 
= 
1 
ao 
= -600 
—500 
-75 -50 -25 0 25 75 100 125 150 
Ta — Free-Air Sots -C Vic — Common-Mode Input Voltage — V 
Figure 3 Figure 4 


Texas 


peat hs. 
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Vom — Maximum Peak Output Voltage — V 


Vom+ — Maximum Positive Peak Output Voltage — V 


~ 0.1 


TLE2142M, TLE2142AM 


‘ EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK OUTPUT VOLTAGE 
VS 
SUPPLY VOLTAGE 


Vom — Maximum Peak Output Voltage — V 


-15 


Voc+ — Supply Voltage — V 
Figure 5 


MAXIMUM POSITIVE PEAK 
OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


— 13.8 


I 
=k 
> 
a 


Vom— — Maximum Negative Peak Output Voltage — V 
I I 
rs rs 
o i) 


-04 -1 I -40 -100 
lo - Ae rea mA 


0.1 


Figure 7 
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-—14.4}-Ta = 25°C 


| HA 
eee el 


MAXIMUM PEAK OUTPUT VOLTAGE 
Vs 
FREE-AIR TEMPERATURE 


—14.6 VomM- 
gases: 


-75 —-50-25 0 mae a 150 
Ta — Free- ae Ace - °C 
Figure 6 
MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE 
VS 
OUTPUT CURRENT 


04 1 100 


Io — Output Current - mA 
Figure 8 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK 
MAXIMUM PEAK OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
SETTLING TIME FREQUENCY 


30 


Avp = -1 
Voc+ = +t15V 
Ta = 25°C 


TH es 
Rt = 2kQ 
a Wesel 
CNS rl 
ANI TAT 
ee HNN 
CTS SST 
Bi 


25 


20 


15 


10 


Vom — Maximum Peak Output Voltage — V 
Vopp) — Maximum Peak-to-Peak Output Voltage — V 


100 k 400 k 1M 10M 
Settling Time (ns) f — Frequency — Hz 
Figure 9 Figure 10 
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
OUTPUT CURRENT OUTPUT CURRENT 


4.6 


4.4 


4.2 


VOH — High-Level Output Voltage — V 
poy 
VoL — Low-Level Output Voltage — mV 


tt 
—_— 


34 ; nail 
-0.1 -1 -10 —100 0.1 100 
Io — Output Current - mA lo- Reine Sey: ae 
Figure 11 Figure 12 
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Ayp — Differential Voltage Amplification -— dB 


Zo — Output Impedance — 2 


TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
VOLTAGE AMPLIFICATION AMPLIFICATION AND PHASE SHIFT 
Vs vs 
FREE-AIR TEMPERATURE FREQUENCY 


140 


Voc+ = £15V 
Vo = +10V 


120 


Ayp — Differential Voltage Amplification — dB 
¢ — Phase Shift 


80 


-75 -50 -25 0 25 50 75 100 125 150 1 10 100 tk 10k 100k 1M 10M 
Ta — Free-Air Temperature — °C f — Frequency — Hz 
Figure 13 Figure 14 
CLOSED-LOOP OUTPUT IMPEDANCE SHORT-CIRCUIT OUTPUT CURRENT 
Vs VS 
FREQUENCY FREE-AIR TEMPERATURE 


60 


50 


40 


30 


\los| — Short-Circuit Output Current — mA 


20 
-75 -50 -25 0 25 S50 75 100 125 150 


f — Frequency — Hz Ta — Free-Air Temperature — °C 


Figure 15 Figure 16 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 


120 


Vcec+ = t15V 


116 


112 


108 


104 


CMRR — Common-Mode Rejection Ratio — dB 
CMRR — Common-Mode Rejection Ratio — dB 


100 
-75 -50 -25 0 25 50 75 100 125 150 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 17 Figure 18 
SUPPLY VOLTAGE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 


110 


108 


106 


104 


102 


ksvpR — Supply-Voltage Rejection Ratio — dB 
ksyR — Supply Voltage Rejection Ratio — dB 


100 
10 100 tk 10k 100k 41M 10M -75 -50 -25 0 25 50 75 100 125 150 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 19 Figure 20 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
SUPPLY CURRENT SUPPLY CURRENT 
VS VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


No Load 


lcc — Supply Current — mA 
Icc — Supply Current — mA 


5.4 
-75 -50 -25 0 25 50 75 100 125 150 
Ta — Free-Air Temperature — °C 


Figure 21 


EQUIVALENT INPUT NOISE VOLTAGE 
VS 
FREQUENCY 


Yoo: = £15V 
Rs = 1002 


200 \ 
150 


100 


Vn — Equivalent Input Noise Voltage — nVNHz 
VN(PP) — Input Noise Voltage — nV 


f — Frequency — Hz 


Figure 23 
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4 8 12 16 20 24 
I\Voc+| — Supply Voltage — V 


Figure 22 


EQUIVALENT INPUT NOISE VOLTAGE 
OVER A 10-SECOND PERIOD 


Vocs = 
f= 0.1 to 10 Hz 


Figure 24 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
NOISE CURRENT TOTAL HARMONIC DISTORTION 
vs PLUS NOISE vs 
FREQUENCY FREQUENCY 


In — Noise Current — pANHz 


THD + N — Total Harmonic Distortion + Noise — % 


1 10 100 1k 10k 10 100 1k 10k 100 k 
f — Frequency — Hz f — Frequency — Hz 
Figure 25 Figure 26 
SLEW RATE SLEW RATE 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 


: : ii 
> > 
, 
2 2 
is) 3) 
cc cc 
Fi 3 
7) 7) 
cc oc 
7) on Nt 
0 
-~75 -50 -25 0 25 50 75 100 125 150 
Ta — Free-Air Temperature — °C Cy. — Load Capacitance — nF 
Figure 27 Figure 28 
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Vo — Output Voltage — V 


100 


TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS . 
NONINVERTING INVERTING 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


| TR TA = 88 oe 


Vo — Output Voltage - V 


t — Time — ps t — Time — pis 


Figure 29 Figure 30 


UNITY-GAIN BANDWIDTH 
SMALL-SIGNAL vs 


PULSE RESPONSE LOAD CAPACITANCE 


N 
5S 
= 50 
I £ 
o = 
S 3 
— c 
o 
ei - 
5 £ 
Qa Gs] 
S oO 
} > 
= 
a 
= - 50 1 
o 
- 100 
400 800 1200 1400 
t — Time — ns C,. — Load Capacitance — pF 
Figure 31 Figure 32 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 


~ TYPICAL CHARACTERISTICS 


GAIN MARGIN PHASE MARGIN 


Vs vs 
LOAD CAPACITANCE LOAD CAPACITANCE 


uige'sealllll | [II] 
Nt 
Noe | 


Gain Margin — dB 
Om — Phase Margin —° 


INVES: ST ff 
preuseSaull 
Veoc+ = +15V 
. Ru = 2kQ 
10 100 1000 10000 10 100 1000 10000 
Cy. — Load Capacitance — pF Cy. — Load Capacitance — pF 
Figure 33. Figure 34 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


D3995, NOVEMBER 1991 


available features 


e Low Noise: e Low Vip ...1.5 mV Max at 25°C 
10 Hz ... 15 nV/VHz 
1 kHz ... 10.5 nV/VHz 


e Load Capacitance ... 10000 pF 
e Short-Circuit Output Current. ..20 mA Min 


e Single or Split Supply ... 4Vto 44V 


e Fast Settling Time ... 340 ns to 0.1% 
400 ns to 0.01% 


e Saturation Recovery ... 150 ns 
e ini oe a" j 
Minimum Siew Rate 30 V/s e Large Output Swing ... Vcc- +0.1V 
e High Gain-Bandwidth Product ... 5.9 MHz to Vcc+ -1V 
SLEW RATE EQUIVALENT INPUT NOISE VOLTAGE 
Vs vs 
LOAD CAPACITANCE FREQUENCY 

iE Vec+ = £15V 
r 
: 
> GC 
I > 
2 Q 
& 2 
: 
a 2 
| ae 
: Nil 
7) o 
2 
= 
I 
Vec t= +15V | sa 
AcL = -1 \ 
| > 

0.01 0.1 1 10 1 10 100 1k 10k 
C, — Load Capacitance — nF f - Frequency — Hz 
description 


The TLE2144M and TLE2144AM are high-speed, low-noise internally compensated operational amplifiers 
built using Texas Instruments complementary bipolar Excalibur process. The TLE2144AM is a tighter offset 
voltage grade of the TLE2144M. Both are pin-compatible upgrades to standard industry products. 


AVAILABLE OPTIONS 


PACKAGE 


V 
ite lo ™2* | CHIP CARRIER | CERAMIC DIP 
AT 25°C 
(FK) (J) 


— 55°C to 1.5 mV TLE2144AMFK | TLE2144AMJ 
125°C 2.4 mV TLE2144MFK TLE2144MJ 


PRODUCTION DATA information is current as of Copyright © 1991, Texas Instruments Incorporated 
publication date. Products conform to specifications 

per the terms of Texas Instruments standard TEXAS 

poelttcnls A Production processing does not I 

necessarily include testing of all parameters. NSTRUMENTS 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


description (continued) 


The design incorporates a patent-pending input stage that simultaneously achieves low audio band noise of 
10.5 nV/VHz with a 6-Hz 1/f corner and symmetrical 40-V/us slew rate typically with loads up to 800 pF. The 
resulting low distortion and high power bandwidth are important in high fidelity audio applications. A fast 
settling time of 340 ns to 0.1% of a 10-V step with a 2-kQ/100-pF load is useful in fast actuator/positioning 
drivers. Under similar test conditions, settling time to 0.01% is 400 ns. 


The devices are stable with capacitive loads up to 10 nF, although the 6-MHz bandwidth decreases to 1.8 MHz 
at this high loading level. As such, the TLE2144M and TLE2144AM are useful for low droop sample-and-holds 
and direct buffering of long cables, including 4-mA to 20-mA current loops. 


The special design also exhibits an improved insensitivity to inherent IC component mismatches as is 
evidenced by a 1.5-mV maximum offset voltage and 1.7-uV/°C typical drift. Minimum common-mode rejection 
ratio and supply-voltage rejection ratio are 85 dB and 90 GB, respectively. 


Device performance is relatively independent of supply voltage over the +2-V to +22-V range. Inputs can 
operate between Vcc_—0.3 V to Vcc ,-1.8 V without inducing phase reversal, although excessive input 
current may flow out of each input exceeding the lower common-mode input range. The all-NPN output stage 
provides a nearly rail-to-rail output swing of Ve¢_+0.1 V to Voe¢,-1 V under light current loading conditions. 
The device can sustain shorts to either supply since output current is internally limited, but care must be taken 
to ensure that maximum package power dissipation is not exceeded. 


Both versions can also be used as comparators. Differential inputs of Vcc+ can be maintained without 
damage to the device. Open-loop propagation delay with TTL supply levels is typically 200 ns. This gives a 
good indication as to output stage saturation recovery when the device is overdriven beyond the limits of 
recommended output swing. 


Both the TLE2144M and TLE2144AM are available in 16-pin ceramic DIP and 20-pin ceramic leadless chip 
Carrier packages. These devices are characterized over the full military temperature range of —55°C to 125°C. 


J PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 
15 54 
=oOoode 
w-wr Zt st 
TES | Mra ¢ es | | eT 
ee 
1 IN+ []4 18[] 4 IN+ 
Nc |]5 17[] NC 


Vec+ [6 16 |} Voc-/GND 


NC ||7 15{] NC 
2 IN+]|8 14}} 3 IN+ 
z5$52 
anPQ Oo 
~ ro) 
NC — No internal connection 
symbol 
IN + 
OUT 
IN — 


4-486 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SOENN Mwai Os 2 (SO PME Doge ts os nos le a na see be wee eed 2 tess cb EES ea ee mee 22 V 
SHI MEI Seg Rit sens © WARIS Ck sin wu a ln wn tie Ree EET Ve = 8 ap es won SEN eee —22 V 
Diner erdich Fan VOuCuG Tonge (S08 MNO) 55%. eens ci ems ac sev te ees sagnawes bes Voc+ to Vec- 
WNBA VOOR Ss TAAOG, Ve CAAY WHO ass sap a pac ee ks aise Rese pan eden s Voc+ to Vec- — 0.3 V 
EE CA tr St I Gs as ek Bs Gee G oo betes he nee oles Uby kk jos otal +1 mA 
Me ANN AON hus os ei hare, 4k REO nada) ROD Es OE Pa is as On reaain ae nee +80 mA 
TR NOG. VE Ce AEs 605.4 Fn ep ah 8 i ne nn ea DEA Ee es 7 WEN eee ee ed 160 mA 
Vr AM SIE WE CTR caw ps oie nse bo oes v's tn Kalua Ee A dee oe ay o's Dee a eee 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3)............... 2. eee eee eee unlimited 
CORRS seit SIGN «gk ys ca ce cog tad hae de ean ap beans ope See Dissipation Rating Table 
Operating free-air temperature range, TA cece cence eee eees — 55°C to 125°C 
ere err CONES os ou cae Sh Siees CPG ds DS Ua S's RES eines fo ols ewe ee —65°C to 150°C 
ase ienperauire tor 60 seconds: FK DaCkAGe oo occ De ee be to ale cos a old pew ae mae 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ................... 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if inputis brought below 
Voc—— 0.3 V. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


PACKAGE Ta $ 25°C DERATING FACTOR Ta = 125°C 
POWER RATING ABOVE Tag =25°C POWER RATING 
FK 1375 mW 11.0 mW/°C 275 mW 


J 1375 mW 11.0 mW/°C 


275 mW 


recommended operating conditions 


ee ee ee. fe er eee ee eee 2 ec 

Supply voltage, Voc + +2 + 22 
= 0 ae 

Common-mode input voltage, Vic NégeS V0 fe ae Vv 


Voc+t=t15V] -15 t2:7 
Operating free-air temperature, Ta Es. ees | See | 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


TLE2144M TLE2144AM 


MIN TYP MAX 


PARAMETER TEST CONDITIONS Tat UNIT 


ae ee ee 
et Ee 
Temperature coefficient of 
fame] [awe 
| 25°C Caen a Bae 
ee 
0 -0.3 
Common-mode input 3 3.2 
VICR voltage range Rene 2 0 i 
oH = =1.5mA 25° 
3 ion = ~15mA 
High-level output voltage lon = 100 nA 375 V 
lIoH = 1mA Full range 
75125 
25°C ies 
2 ie oe 
lo. = 1mA Full range 250 $A aw 
agpeamnrme  7 e ere 
Voc = #25V, Ri = 2kO| 25°C oe oe ve 
voltage amplification Vo =1Vto-1.5V 17 Pe ay PUBS NE She >< ah Gy Al 
SR a a NS RET ER 
ee eng ay Aa ae Sa SR ee os ee a 
[Z___Open-loop output impedance |f = 1 MHz 25% 
Vic = Vion min, 25°C ef 
rejection ratio Rg = 509 Puen 0 ee 
(AVoc +/ AVic) Rs = 502 Full range 85 
Vo=2.5V, — Noload, eS 
Vic =25V Fulrange] 18 18.4 


TFull range is —55°C to 125°C. 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc = 5V,Ta = 25°C 


TLE2144M TLE2144AM 
AMETER 
SR+__ Positive slew rate Ayo =-1, Ry = 2kat Rede ee eR 
SR- Negative slewrate | CL_= 500 pF ee ee 
ae AyD = 1, [100.1% DU MRE BES eo 
cde 25-V Step | T00.01% es Pena MS 
Equivalent input noise | Rg = 1009, f = 10Hz eel. | eee ae 
YN(PP) voltage Rg = 1000, f = 1 kHz os Oe ee 
____ Peak-to-peak equivalent | f = 0.1 Hz to 1 Hz 
N__inputnoise voltage __| f = 0.1 Hz to 10 Hz maaan Y Rees Ma are 
Equivalentinputnoise [f= 10Hz | SCR COdLSCCC*=‘éaCO’SCSCSC*d 
aoe tN current f= 1 kHz is. | 
B, Total harmonic distortion | Vo = 1Vto3 VR) = 2 ka}, 0.0052% 6 b0Eoe 
plus noise Avp = 2, = 10 kHz 
Ri = 2kaT, C = 100 pF, 
Maximum output-swin Ry = 2kQ1, V = 2V, 
om , p g z ; O(PP) ccs 
bandwidth Ayp = 1 
RL = 2kat, O, = 100pF eee fo. ee eee 


TR, terminates at 2.5 V. 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc+ = +15 V (unless otherwise noted) 


[—Tesiaam | _—‘TLe2vaaam 
PARAMETER TEST CONDITIONS SoRelane 


MIN. TYP MAX | MIN typ Max| UNIT 
si mare Seek 
6 4 


iO Input offset voltage 
Temperature coefficient of 

VIO input offset voltage 

lO 

- ; 
| —150 pA 
| -1.5mA 25°C 
lo = -15mA 
| 


| Input offset current ona | 
13.1 13.7 13.1 13.7 
=100 WA : 
Fullrange| 136 —Si«di~=SASSSSC*S 


VICR 


voltage range 


Maximum positive peak 


V 
OM + output voltage swing : 


Common-mode input 
1.5mA 25°C -14.5 -14.8 -145 -14.8 


I Input bias current 
Re = 
O = 
O = 
O = 
& = 
lo = 
lo = -10mA 
lo = 
O= 
O = 
O= 
O = 


Vow. Maximum negative peak es ea ee ee 
output voltage swing ae eee as 
Fullrange| 145 14S 
Large-signal differential 
eum (Ore N <0 egg 
f,___Input resistance Pe ee ee ere ee 

eos ee oe 
Vic = Vicr min 
rejection ratio Rg = 50.9 eubengey 80 

Vocx = 225Vtozi6V, = 
(aVe¢ +/ Vio) Rg = 50.0 pg, oe a eee 

i Ae a ee os a Bs 
Vo=0,  Noload, [25°C _| 


TFull range is —55°C to 125°C. 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, Vc¢c+ = £15V,Ta = 25°C 


TLE2144M TLE2144AM 
PARAMETER TEST CONDITIONS MIN. TYP MAX MIN TYP MAX 
45 


SR+ Positive slew rate Rp = 2kQ, 30 
SR- Negative slew rate Ci = 100 pF 


ae Avp = 1, [00.1% 
V Equivalent input noise Rs = 100Q, f = 10Hz 
“ voltage Rs = 100Q, f = 1kHz 


y Peak-to-peak equivalent | f = 0.1Hzto1 Hz 
N(PP) input noise voltage 


Equivalent input noise f = 10 Hz 
" current 


THD «N Total harmonic distortion | Voypp) = 20V, RL = 2kQ, 
i plus noise Ayp = 10, f = 10 kHz 


By Unity-gain bandwidth Ry = 2kQ2, Cy = 100 pF 
é : Ri = 2kQ, Cy = 100pF, 
Gain-bandwidth product f = 100 kHz 


Maximum output-swing Voc(PP) = 20V, RL = 2kQ, 
BOM bandwidth Ayp = 1, Cy = 100pF 


Phase margin at unity 
Ri = 2k, Cy = 100 pF 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


TABLE OF GRAPHS 
Vio Input offset voltage : Distribution 
lio Input offset current vs Temperature 
IB 


vs Temperature 
| Input bias current ; 
vs Common-mode input voltage 


vs Supply voltage 
vs Temperature 
vs Output current 
Settling time 
Supply voltage 
vs Temperature 
vs Output current 
Settling time 


Vorpp Maximum peak-to-peak output voltage swing vs Frequency 
VOH High-level output voltage vs Output current 
VOL Low-level output voltage vs Output current 


Ayp Large-signal differential voltage amplification vs Temperature 
vs Frequency 


vs Frequency 
vs Temperature 


ery (ee yee |e 
N > W oOoOWODAQ on a mn 


VOM+ Maximum peak output voltage 


VomM- Maximum peak output voltage 


oO 


Closed loop output impedance 
Short-circuit output current 


o 


ie) 
los 


CMRR Common-mode rejection ratio vs Frequency 
vs Temperature 18 
ksyvr Supply-voltage rejection ratio vs Frequency 


vs Temperature 

s Temperature 

s Supply-voltage 

s Frequency 

Over a 10-second period 
s Frequency 

vs Frequency 

vs Temperature 

vs Load capacitance 
Noninverting large-signal vs Time 


Pulse response vs Time 
ete 

a alee 

ere 

Dates 

oe aes 


ine) 
aa 


nN — 
C4 


C Supply current 


Ic 

Vn Equivalent input noise voltage 
VPP Equivalent input noise voltage 

THD +N __ Total harmonic distortion plus noise 


SR Slew rate 


mM 
Nm 


> 


Vv 
Vv 
Vv 
Vv 


Mm }PM rm 
co] oa 


Ww 
oO 


ee) 
Le) 


Ww 


Ww nm 
wo _ N 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


TLE2144M INPUT OFFSET CURRENT 
DISTRIBUTION OF vs 
INPUT OFFSET VOLTAGE FREE-AIR TEMPERATURE 


250 Units Tested From 1 Wafer Lot 


< 
c 
& 1 
! e 
Z g 
r 5 
S o 
8 § 
s 5 
c ~ 
8 2 
= & 
a. I 
© 
= A 
— 1.6 — 0.8 0 0.8 1.6 -75 -50 -25 0 25 50 75 100 125 150 
Vio — Input Offset Voltage — mV Ta — Free-Air Temperature — °C 
Figure 1 Figure 2 
INPUT BIAS CURRENT INPUT BIAS CURRENT 
Vs vs 
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE 
— 1000 
—900 
rs a 
I i 
§ § 
= -800 
=) ~ 
o) o 
s s 
jee] jee) 
5 -700 5 
a. a. 
£ £ 
I i 
a a 


—600 


—500 : 
-75 -50 -25 0 25 50 75 100 125 150 -3 -25 -2 -15 -1 -05 0 05 1 
Ta — Free-Air Temperature — °C Vic — Common-Mode Input Voltage — V 
Figure 3 Figure 4 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 


PRECISION QUAD OPERATIONAL AMPLIFIERS 


Vom — Maximum Peak Output Voltage — V 


TYPICAL CHARACTERISTICS 
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 
VS VS 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


Vom — Maximum Peak Output Voltage — V 


Oset g<i2 4 9-12 46-518. a4 4 -75-50-25 0 25 50 75 100 125 150 
Vcoc+ — Supply Voltage - V Ta — Free-Air Temperature — °C 
Figure 5 Figure 6 
MAXIMUM POSITIVE PEAK MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs VS 
OUTPUT CURRENT OUTPUT CURRENT 
> 14.6 7 13.4 
: aoe cera | 
& § 13.6 | 
re) °o 
Ze Snot TEE ALU 
I ee 7 ill 
Ss 3 
fe 
; <x -14 
is] 14.2 Ry 
4 a. If 
$ £ -14.2 i 
3 5; 
oe S -14.41-T, 
E E 
£ £ -14.6 
S 13.8 = 
= = 
= 1 
2 13.6 S15 bam 
04°. 04 <1 ~e ag -40 -—100 - 0.1 0.4 1 oD 40 100 
Io — Output Current — mA Io — Output Current - mA 
Figure 7 Figure 8 
i 
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Vom — Maximum Peak Output Voltage — V 
oO 


VOH — High-Level Output Voltage — V 


MAXIMUM PEAK OUTPUT VOLTAGE 


Vs 
SETTLING TIME 


N 


Rising 


BPP IIN 
THAIN 


0 100 200 300 


Settling Time (ns) 
Figure 9 


HIGH-LEVEL OUTPUT VOLTAGE 


TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 


PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


| 
a 
N 


vs 
OUTPUT CURRENT 


Io — Output Current — 


Figure 11 


mA 


VocPP) — Maximum Peak-to-Peak Output Voltage — V 


VoL — Low-Level Output Voltage — mV 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
FREQUENCY 
30 


crt ern 
| MI Nipe ae | 
VN all 
NY 

LUNI hill 
es KANT LL 

mag 
OMS 


100 k 400 k 1M 4M 
f — Frequency — Hz 
Figure 10 


25 


20 


15 


10 


V, 


= iid MRI SR Ke Oe 


LOW-LEVEL OUTPUT VOLTAGE 
Vs 
OUTPUT CURRENT 


Vi 


lo - ees Current — mA 


Figure 12 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


Ayp — Differential Voltage Amplification — dB 


Cy = 100 pF 
Ta = 25°C 
80 ‘ 
-75 -50 -25 0 25. 1-75 1005425 150 1 10 100 1k 10k 100k 1M 10M 
Ta — Free-Air Temperature — °C f — Frequency — Hz 
Figure 13 Figure 14 
CLOSED-LOOP OUTPUT IMPEDANCE SHORT-CIRCUIT OUTPUT CURRENT 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 


100 


1 


Zo — Output Impedance — 2Q 


0.0 


0.00 


0 


1 


—_ 


Hai "all 


: yy} 
—— 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


Vs Vs 
FREE-AIR TEMPERATURE FREQUENCY 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 


Vcoc+ = t15V 
Vy = 20 ¥ 


Ayp — Differential Voltage Amplification — dB 


DN 
was at AvD = = 100 
a 
mall id qr 
FUMIE EAI LIT 


llos| — Short-Circuit Output Current -— mA 


20 
10 k 100 k 1M 10M -75 —-50 -25 0 25 50 75 100 125 150 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 15 Figure 16 


¢ — Phase Shift 
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CMRR — Common-Mode Rejection Ratio — dB 


Ksvp — Supply-Voltage Rejection Ratio — dB 


TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO 
VS VS 
FREQUENCY 3 FREE-AIR TEMPERATURE 
140 120 


116 


112 


108 


104 


1k 


CMRR — Common-Mode Rejection Ratio — dB 


0 100 
100 10k 100 k 1M -—~75 —50 -25 0 -25 50° 75 100° 125 
f — Frequency — Hz Ta — Free-Air Temperature — °C 
Figure 17 Figure 18 


SUPPLY-VOLTAGE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO 
vs 
vs 
FREQUENCY FREE-AIR TEMPERATURE 
110 : 


= t25Vtot15V 


108 


106 


104 


102 


ksypr — Supply-Voltage Rejection Ratio — dB 


10 100 ik 0k 100k 41M 10M oh eB be go aa on hae ee 


f — Frequency — Hz Ta — Free-Air Temperature — °C 


Figure 19 Figure 20 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
14.8 
Vo = 0 
No Load 
14 
< 
rs E 
i I 
5 13.2 6 
5 5 
> = 
= roa 
S 12.4 > 
” 7) 
8 8 
11.6 
10.8 
-75 -50 -25 0 25-80 <2 78 2100-125 150 
Ta — Free-Air Temperature — °C IVcc+| — Supply Voltage - V 
Figure 21 Figure 22 
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE 
vs OVER A 10-SECOND PERIOD 
FREQUENCY 
250 750 


oe t15V Voc+ = t15V 


= 0.1 to 10 Hz 


Ne ~500 


N 

E 

> 

Cc 

1 7 

& > 
S c 
= 150 2. 
2 8 
3 = 
z \ | S 0 
a 2 
< 100 ° 
= = 
c | 
: x Ht : c 
> £ 
= 50 

LW 

I 

p= 

> 


tee dan et 


ae 
oe oe Sees 


0 —750 
1 = 100 10k 
f — Frequency — hy t- Time -s 
Figure 23 Figure 24 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 


PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


NOISE CURRENT 
vs 
FREQUENCY 


TOTAL HARMONIC DISTORTION PLUS NOISE 
Vs 
FREQUENCY 


=e 


Vo = 20 Vpp 
Voc+ = t15V 


Ay = 100 


Ry = 600 


32 
] 
2 
2 
E + 
= 8 
ae = oat UM TT 
N\ : 
i at 
® oO 
UE : rl 
: \ oo TI CTT He 
S I 
“TTS 
+ 
I oe = 
Tiree 0.001 
100 10 100 1k 10k 100 k 
f — Frequency — f — Frequency — Hz 
Figure 25 Figure 26 
SLEW RATE SLEW RATE 
VS vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
50 
qa ee Ww 
40 too 
‘ ' 38 
£ £ 
; : 
7) H 20 
10 
voce = 2 15V NY 
Ru = 2kQ Ayp = -1 i db, 
: Cy = 500 pF 9 LIA = 25°C bhi 
-75 -50 -25 0 25 50 75 100 125 150 0.01 0.1 10 
Ta — Free-Air Temperature — °C C, — Load Capacitance - nF 
Figure 27 Figure 28 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
NONINVERTING INVERTING 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


15 
bet eke: Dect | Tp = 25°C dt | 


10 
> 2 > 
: e738): i chabaete aa 1s ms Ta = ~55°C Vee 
® ® Egat 
2 Ta = -55°C 2 Ta = 125°C £74 = — 39°C 
s . 
3 3 
= & 
= = Ta = 125°C 
7 Ht ve = —55°C Oo ees tee 
; Pate 
° rs = 25°C 2 

Voc+ = £15V Vecs = t15V 


Ayp = 1 -10 Ayp = -1 
Ru = 2kQ 


CL = 300 pF 


RE = 2kQ 
Cy. = 300 pF 


Ta = 125°C 


0 1 2 3 4 5 0 1 2 3 4 5 
t — Time — ps t — Time — ps 
Figure 29 Figure 30 
UNITY-GAIN BANDWIDTH 
SMALL-SIGNAL vs 
PULSE RESPONSE LOAD CAPACITANCE 


100 


aa ee 
Ry = 2kQ 


50 


Vo — Output Voltage — mV 
i) 
By — Unity-Gain Bandwidth — MHz 
nes 


— 100 


0 400 800 1200 1400 10 100 1000 10000 
t- Time — ns Cy — Load Capacitance — pF 
Figure 31 Figure 32 
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TLE2144M, TLE2144AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


GAIN MARGIN PHASE MARGIN 
vs Vs 
LOAD CAPACITANCE LOAD CAPACITANCE 


eral | [Ill 
NG 
alll 


SS Ut Lhe 

NOC EOTTTTTI 
BEN HE 
CL LTIITS Ws 
LAI | Terr il 


10 100 1000 10000 10 100 1000 10000 
C, — Load Capacitance — pF C. — Load Capacitance — pF 


Figure 33 Figure 34 


Gain Margin — dB 


ANI 

CUM NUE CTT 
OIE LENT Tl 
lll UIST 


$m — Phase Margin — Degrees 


Le) 


Oo 


SR aa a ee SSAA in eee a eA SE PRIA ATO IRE, SORENESS iid Niche, SETS SA RN EI DRESS SMR LS Sa TS, Re SEEN} 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


D3371, NOVEMBER 1989 — REVISED OCTOBER 1991 


available features 


e Excellent Output Drive Capability e Macromodel Included 
Vo = £2.5V Minat R, = 100, : ; 
Voos = £5V 7 Wide Operating Supply Voltage Range 


Vec+ = £3.5V to +20V 


Vo = £12.5 V Min at Ry = 600, 
Vec+ = £15V e High Open-Loop Gain ... 280 V/mV Typ 
e@ Low Supply Current ... 280A Typ ie Low Offset Voltage ... 500 nV Max 
e Decompensated for High Slew Rate and e Low Offset Voltage Drift With Time 
Gain-Bandwidth Product 3 0.04 nV/month Typ 
Ayp = 5 Min 


Slew Rate = 10 V/us Typ e _ Low Input Bias Current ... SpA Typ 


Gain-Bandwidth Product = 6.5 MHz Typ MAXIMUM PEAK-TO-PEAK 


OUTPUT VOLTAGE SWING 
description ve 
The TLE2161M, TLE2161AM, and TLE2161BM LOAD RESISTANCE 
are JFET-input, low-power, precision operational 
amplifiers manufactured using Texas Instruments Vec+ = £5V 
Excalibur process. Decompensated for stability Ta = 25°C fill Baill 


with a minimum closed-loop gain of 5, these eee 
devices combine outstanding output drive =. 
Capability with low power consumption, excellent ae | | 

dc precision, and high gain-bandwidth product. TAT TTI 


A variety of available options includes small- 10 100 1k 10k 
outline packages and chip-carrier versions for R,_ — Load Resistance - © 
high-density system applications. 


In addition to maintaining the traditional JFET 
advantages of fast slew rates and low input bias 
and offset currents, the Excalibur process offers 
outstanding parametric stability over time and 
temperature. This results in a device that 
remains precise even with changes in tem- 
perature and over years of use. 


Vo(PP) — Output Voltage Swing - V 


These devices are characterized for operation over the full military temperature range of —55°C to 125°C. 


AVAILABLE OPTIONS 


PACKAGE 


CHIP CERAMIC 
CARRIER DIP 


Vec+ =t15V (FK) (JG) 


— 55°C 3 mV TLE2161MFK | TLE2161MJG 
to 1.5 mV LE2161AMFK | TLE2161AMJG 
125°C 0.5 mV — TLE2161BMJG 


Seige ice! DATA ane is eee as 7 — wai Copyright © 1991, Texas Instruments Incorporated 
roducts conform to specifications per t rms of Texas Instrumen : orn. 
standard warranty. Production processing does not necessarily include vi On products compliant to MIL-STD-883, Class B, all parameters 


testing of all parameters are tested unless otherwise noted. On all other products 


IN ST RU M E NTS hl ia does not necessarily include testing of all 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


JG PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 
OFFSET Ni[11 LJ sf]Nc > 
IN - 7L] Voc + — 
Lu 
IN+[]3 ef ]OUT D 
Veco U4 5] | OFFSET N2 oS Seis 
Oru. Ss 


NC | |4 18]} NC 
IN— ||5 171] Voc + 
NC | /6 16}}| NC 
IN +1] 7 15|} OUT 
NC | {8 14]}] NC 
9 
| N 
ae 
te 
NC — No internal connection Oo 


equivalent schematic 


All component values are nominal. 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


UC INO PEPt sca: (SEE WN AY sls UGts OOo Bota neta s foe wrk omen wn ow we ee an vk mo SE Goa esp ge 22 V 
ERO EET os Ste Gt Suxie sg a go shale G5 «Fe Pw Po Oe a 4 o + ole UE OR ae ae —22 V 
Err? Se VOI NG 2), hy gk ce wea bt ON oe doe one a ae a aa +44 V 
Rete nN ENTERS AE CMBR UNEIEN) © 9 ic vy So's 'g o's. Sek eh pe Wp ake de Sate ee ke se Re Voc— to Vecy 
SMMAD ARCA: US CGUCEE UMM is) Pxce t x Ss 6 45 Bo avg Bek an Abdo 4 o's pF MeN ASW nee a ee Oe he +1 mA 
a CO, ASCE SOI e055 bos ein Bin wn MPa ed ee ne Note ERS WAP DRO 8 Co ew EEN Sa +80 mA 
REPRINTING dons 4 0 we o,2oe Qa vd pL OaS © wt SR ns mere Bais te gw ha ape eae 80 mA 
Pt) EOE UL Sl VU MORIN. oye See ea aes Ov se deballly Hees UcKula Wie waleaONaatES 80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3).......... ccc ee eee teens unlimited 
RPG PTR CGHMINIE Ss ibn ve a ce hee wy wheal dw ok do 0 a8 dais a bp pins See Dissipation Rating Table 
Roper) tIOn-ne NOMMINCAUUETANQO, UA. eave ees ce che sawn ke ee teaav aways — 55°C to 125°C 
eee OM AT OV MEIORBARS? 8's bcc SG sn so wa die Races a cae PORN bus nee ee Coe —65°C to 150°C 
ame eer fir io ee@aatiis. TK DACKAIO oo. i 6 ce te seh wee ce aw) eon bd rw cule eka 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................. 300°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voc, and Voc_. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 


DISSIPATION RATING TABLE 


Ta S$ 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE Ta = 25°C POWER RATING POWER RATING POWER RATING 
1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW 


PACKAGE 


1050 mW 8.4 mW/°C 672 mW 546 mW 210 mW 


Supply voltage, Voc+ +3.5 


| MIN MAX | 

Voou = #5 eS 2 

Common-mode input voltage, Vic Voc+ = +1 ek Sees | 
Voos = #2 ae ee 

Bes SE 


Operating free-air temperature, Ta 


TEXAS 4 
INSTRUMENTS 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = +5 V (unless otherwise noted) 


Ir 
Ir 
Ir 


25°C 


Full range 


pose oe. Bie 
ESE ON eae ea 
Bie ae 
Lr eee 
Eek ie Le 
einai, 2 SMe ad 
Puateages, © 63 6 Bs 
ia caal oe Bae 
ine aeio eels DELS 
pe ees ee 
ety e yew one 
Soe edie S 


Vio __ Input offset voltage mV 


—1.6 —2 
25°C to fe) 
4 6 


t 
25°C 3 We a 
ers Sahar = 266 
25°C 
Te eaac eae | 
B= 3. 
Ri = 


aVig Temperature coefficient of input offset voltage 
Input offset voltage long-term drift (see Note 4) 


pV/mo 


lio Input offset current 


lip Input bias current 


VicR Common-mode input voltage range 


Vom, Maximum positive peak output voltage swing 


ih 
Full range 


Von— Maximum negative peak output voltage swing 


bata 
Full range 
25° 
Vo = £28V, Ry = 10k0 
Full range 


5° 
Vo = 0to2.5V, R, = 6002 
Full range 


RN aR I OR 
Vos 0m = 250 fis en ees 
Fulrange| 05 
Solis eee ee 
an aie et a eee ee 
75 93 


Ayp __Large-signal differential voltage amplification VimV 


pF 


Zo Open-loop output impedance 25°C 


CMRR Common-mode rejection ratio Vic = Vicn min, Rg = 50Q 
est Voc+ = +5 Vto+20V, 
k Supply-voltage rejection ratio (AV AV 2 
SVR PPly ae es AAI OCHENIO) Rg = 502 Full range 
Icc¢ Supply current 
Full range 
Supply current change over 
Alcc ; Full range 
operating temperature range 
TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


No load 
pA 


on 
i < < < < 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
L.POWER OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = +5 V,Ta = 25°C 


PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT 
SR Slew rate (see Figure 1) Avp = 5, Ri = 10kQ, Cy = 100pF Bae | Pe 
eee an) [BS = 1008, 1 = 70H Meaatia eae. 
Vn Equivalent input noise voltage (see Figure 2) = wen Ts at BE Re” Seo nV/VHz 
VN(PP) Peak-to-peak equivalent input noise voltage | f = 0.1 Hz to 10 Hz ER Bie pe. 
ly Equivalent input noise current f = 1kHz 
ee AyD = 5, Vocpp) = 2V, 
distort ‘ yy, 
THD _ Total harmonic distortion |= 10kHz, Ry = 10k0 0.025% 
' ; f-=. 100KHz, Ri © WhO Ci = 100pr fe SB 
Gain-bandwidth product F 3 M 
ain-bandwidth product (see Figure 3) f= 100kHz, Ri = 6009, C, = 100pF Po ee er Hz 
wie = 0.1% RES SOS SSE 
Settling time = S 
: e = 0.01% 
Bom Maximum output-swing bandwidth Ayvp = 5, Ry = 10kQ 


Ph F 3 
bm ase margin (see igure ) Avp =o. Rp = 600 Q, CL — 100 pF 


EXAS 4 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = +15 V (unless otherwise noted) 


eee oe a 
Fullrange] SSS 
Sep ge ae| 
Fulrange| SSC 

i Se eee ee 
Fullrange| 6 —*dY Wr 


Vio __ Input offset voltage 


aVig Temperature coefficient of input offset voltage 


Input offset voltage long-term drift (see Note 4) = se pores apes Be 
(kia) Rae ee Ga 
lo. —_ Input offset current : 
Fullrange| 20 | A 
seme We eer | BAL 
lip Input bias current : 
Fullrange| OA 
-11 -12 
25°C to to V 
13 16 
VicR Common-mode input voltage range Hh 
Full range to V 
13 
eee 13.2 13.7 
Ry = 10 kQ 
: Fulrange| 125 
Vom, Maximum positive peak output voltage swing ewe en V 
a peaien Full range 
RAEI -13.2 -13.7 
3 } | L* Full range 
Von— Maximum negative peak output voltage swing Ps lois V 
R; = 600Q 
25°C 30 230 
Yo =S10¥, AL = 1040 te] ap 
=o, 2 0 
Ayp __Large-signal differential voltage amplification Vo = Oto 8 V, Ri = 6002 V/mV 
Full range 
_ ee ae ee ee 
ip = #08, OO eg 
a CT a eae See eS od es. a Se 
SME CULT eae ee ieee, i Dena ei nines ie ek ose Cae Se aa 
Zo ___Open-loop output impedance Re eee eee BS) Rees. eae eS 
hi Dia 3 Paes We 
CMRR Common-mode rejection ratio Vic = Vicn min, Rg = 509 Fulrance 2? ae | 
PROPS She Voc+ = +5 Vtot15V, i: ee 
ksyvpR_ Supply-voltage rejection ratio (AVoC4/AVio) Rg = 50 Full range 336 (See 
P25 | 200 360 | 
a Full range 
Supply current change over 
Al Full 
cc operating temperature range pie 3 


TFull range is — 55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vcc+ = +15 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


nV/NHz 
us 
Hz 


0 


25°C 
SR Slew rate (see Figure 1) Ayvp = 5, Ri = 10kQ, Cy = 100pF Bul range 
y Equivalent input noise voltage Rs = 100Q, f = 10Hz 25°C 
m (see Figure 2) Rs = 100Q, f = 1kHz 
Peak-to-peak equivalent input 
VirpP) ok to-peak equivalent inpu a Oh Hin tes 95°C 
noise voltage 


Equivalent input noise current f = 1 kHz 25°C 


In i | 
Ayvp = §, V = 2V, 
THD Total harmonic distortion f ie kHz, Nad - Me 0.025% ae 
Gain-bandwidth product f = 100 kHz, Ry = 10kQ, Cy = 100pF 25°C M 
(see Figure 3) f = 100kHz, Ry = 6002, Cy = 100pF 


ms 
N 


€ = 0.01% 
Maximum output-swing 
Ayvp = 5 Ry = 10kQ 5°C 
SAijeoor 
Ayvp = 5, Ri = 10k, Cy = 100 pF 2 
Ph F 3 25°C 
¢m ase margin (see Figure 3) Or RL = 6002, ©, = 100pF 75 
*This parameter is not production tested. 
TFull range is — 55°C to 125°C. 


7 
f 


10 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = +20 V (unless otherwise noted) 


MIN TYP MAX | UNIT 
Vio _ Input offset voltage a mV 
aVig Temperature coefficient of input offset voltage Pts: Ae 
Input offset voltage long-term drift (see Note 4) Ra i eas 


lio Input offset current 


pA 
; pA 
| Input b t 
IB nput bias curren A 


VicR Common-mode input voltage range 


to 
16.5 


18.25: 48.7 
Vom, Maximum positive peak output voltage swing 15 7 
—18.2 -—18.7 
: : : Full range | — 17.5 
Vom— Maximum negative peak output voltage swing 
25°C -15 -18 
Ry = 600Q 


Fullrange} —12 
oo" 30 280 


= + — 
me ary pits, Full range 


re) 


Nh NM 
o o 
© © OF OPQ], O @) .?) 


Nm 
oi 
ies) 
oO 


Ayp __Large-signal differential voltage amplification 


Vo = 01 10V, R, = 6000 Fe 


25° 
Vo = - = 
Q = Oto-10V, RL = 6009 FT 


ie) 
ibe) 
oO 


Monta a TE 
fo waeies e ee  e e 
get ee ee 


“I 
on 
ce) 
paar 


i 
i 
ee) 
os" 
CMRR Common-mode rejection ratio Vic = V in, Re = 502 
a= Voc+ = £5 V tot 20 V, 25° 75 
k Supply-voltage rejection ratio (AV AV F. 
SVR Supply-voltage rejection ratio (AVoci/AVic) Rg = 502 Palance 
loc Supply current 
Supply current change over 
Aloc 
operating temperature range 
TFull range is — 55°C to 125°C. 


NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 


< Ele 
< e) 


o 
w 


300 


Oo 
OIi™n 
oOo; 


Full range 


Open-loop output impedance 


Full range 
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TLE2161M, TLE2161AM, TLE2161BM 
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operating characteristics, Vcc+ = +20V,Ta = 25°C 


% 


PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT 
SR Slew rate (see Figure 1) Ayy.= 5: Bie 1k Cre 100 pr Po a ck 
see ies TAs = 1009, f= 10H 
Vn Equivalent input noise voltage (see Figure 2) = me ae ee — ae iis a ae nV/VHz 
Vnrpp) Peak-to-peak equivalent input noise voltage | f = 0.1 Hz to 10 Hz Cea = Se er 
x Equivalent input noise current f = 1kHz Pees BS 
ee Avp = 5,  Vorpp) = 2V, 
distort ‘ y 
THD _ Total harmonic distortion f = 10kHz, Ry = 10kO 0.025% 
f = 100kHz, Ri = 10kQ, Cy, = 100pF 
- d F 3 

Gain-bandwidth product (see Figure 3) f = 100kHz, Ri = 6009, C, = 100pF - 


Bom Maximum output-swing bandwidth Ayp = 5, Ry = 10 kQ kHz 


5. 
Ayp = 5, R_ = 10kQ, Cy = 100 pF 72° 
Ph F 3 
eee eed Ay = 8, FL = 6008, Of = 1000F 


ee eaeK PH: 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


8 kQ 10 kQ 


Vo 
Vcc- 
Rs Rs 
NOTE A: Cy includes fixture capacitance. sy 
Figure 1. Slew Rate Test Circuit Figure 2. Noise Voltage Test Circuit 
10 kQ 
VI 
Vo 
RL 


(see Note A) 


NOTE A: Cy includes fixture capacitance. 


Figure 3. Gain-Bandwidth Product and Phase Margin Test Circuit 
typical values 
Typical values presented in this data sheet represent the median (50% point) of device parametric performance. 
input bias and offset current 


At the picoampere bias-current level typical of the TLE2161M, TLE2161AM, and TLE2161BM, accurate 
measurement of the bias current becomes difficult. Not only does this measurement require a picoammeter, 
but test socket leakages can easily exceed the actual device bias currents. To accurately measure these small 
currents, Texas Instruments uses a two-step process. The socket leakage is measured using picoammeters 
with bias voltages applied but with no device in the socket. The device is then inserted into the socket and 
a second test that measures both the socket leakage and the device input bias current is performed. The two 
measurements are then subtracted algebraically to determine the bias current of the device. 


Texas WY 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


table of graphs 


Vio Input ofsetvolags 


; vs Common-mode voltage 
lip Input bias current 
vs Temperature 


jot oft euren 
VicR Common-mode input voltage range limits 


7 
: vs Output current 8,9 
Vom Maximum peak output voltage swing ve.) Shindiesielbns 10.11.12 


Vo(pp Maximum peak-to-peak output voltage 13, 14, 15 
16 


; : ae vs Frequency 
A Differential voltage amplification 
i sili vs__ Temperature 
bad vs Time . 18 
los Short-circuit output current 
vs Temperature 19 


Za Oui padres 
CMRR Common-mode rejection ratio 


vs Supply voltage 
| Supp! t 
a signal 24, 25 
Pulse response 
Large-signal =a ie 
Noise voltage frefaied to input) 0.1 to 10 Hz 


Va Esvalnt input noise vo 
Total harmonie distortion 


Supply vol - 
Phase margin upply voltage 
= Temperature 35 


¢ Phase shit 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
TLE2161M INPUT BIAS CURRENT 
DISTRIBUTION OF vs 
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE 


736 Amplifiers Tested From 3 Wafer Lots 
Vec+ = £15V 

Ta = 25°C 

JG Package 


Percentage of Amplifiers —-% 
lig — Input Bias Current — nA 


¥ 


- S ‘ 
-4 -3 -2 -1 0 1 2 3 4 -20 -15 -10 -5 0 5 10 #15 2 

Vio — Input Offset Voltage — mV Vic — Common-Mode Input Voltage — V 

Figure 4 Figure 5 
INPUT BIAS CURRENT COMMON-MODE 
and INPUT OFFSET CURRENT INPUT VOLTAGE RANGE LIMITS 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


lip and lig — Bias and Offset Current — pA 
Vic — Common-Mode Input Voltage — V 


25 45 65 85 105 125 -75 -50 -25 0 25 50 75 7400 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
Figure 6 Figure 7 
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Vom+ — Maximum Positive Peak Output Voltage — V 


Vom — Maximum Peak Output Voltage — V 


TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
MAXIMUM POSITIVE PEAK MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs VS 
OUTPUT CURRENT OUTPUT CURRENT 


-10 -20 -30 -40 -50 #£-60 
Io — Output Current — mA 


Figure 8 


MAXIMUM PEAK OUTPUT VOLTAGE 


a 


VS 
SUPPLY VOLTAGE 


& +6: 3 30 (72: (14) 16) +18 420 
IVcoc+| — Supply Voltage - V 


Figure 10 


Vom— — Maximum Negative Peak Output Voltage — V 


0 5 40 18 5 20. 20°) 90. 232 -: a0 
Io — Output Current - mA 


Figure 9 
MAXIMUM PEAK OUTPUT VOLTAGE 


vS 
SUPPLY VOLTAGE 


Vom — Maximum Peak Output Voltage — V 


0. .2 08> BO 8. eR ee ae Rea 
IVcc+| — Supply Voltage - V 


Figure 11 


Ww 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
LPOWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK 
MAXIMUM PEAK OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS VS 
SUPPLY VOLTAGE FREQUENCY 


CUNT NIU 

| | 

CANT UT 

LUN TIN UU 

LUN UIE Ni 
1M 


Vom — Maximum Peak Output Voltage — V 
Vocpp) — Maximum Peak-to-Peak Output Voltage — V 


10 100 k 10M 
IVcc+| — Supply Voltage - V f — Frequency — Hz 
Figure 12 Figure 13 
MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
VS VS 
FREQUENCY FREQUENCY 

> > 

l 1 

® o 

i 3 

: || coe 
: 5 LMI AME LUT 
=x x 

: SH HH | oe WAL LA 
cS) g 

~ a 

E £ 

& 3 

= = 

| bee | 
: Pa | 

So 0 
7 aie s 100 k 10M 
f — Frequency — Hz f — Frequency — es 
Figure 14 Figure 15 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION and PHASE SHIFT LARGE-SIGNAL VOLTAGE AMPLIFICATION 
VS VS 
FREQUENCY FREE-AIR TEMPERATURE 


so ms a ca PaO FS 
GF asa 

+ PNGAY 
aa | 


Vec+ = +20V 


re: 
we 
= 
a 


< || 
Pal 
Se 
| | 
geo eager 6 Me 
tee 2 ine 


= iD 
eR: 
— Phase Shift 


Voc+ = £15V 
Rp = 10kQ 
Cy = 100 pF 


Ayp — Differential Voltage Amplification — dB 


Ayp — Differential Voltage Amplification — V/mV 
nd 
o 
oO 


200° 


0 
10k 100k 1M 10M -75 -50 -25 0 oo ~~ 50° oe 


100 1k 


los — Short-Circuit Output Current — mA 


f — Frequency — Hz 


Figure 16 


SHORT-CIRCUIT OUTPUT CURRENT 
VS 
ELAPSED TIME 


t — Time — aes 


Figure 18 


los — Short-Circuit Output Current - mA 


Ta — Free-Air Temperature — °C 


Figure 17 


SHORT-CIRCUIT OUTPUT CURRENT 


VS 
FREE-AIR TEMPERATURE 


-25 -0 an 6§©6- SO. 98 
Ta — Free-Air Temperature — °C 


Figure 19 


Exas WP 


INSTRUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


4-517 


TLE2161M, TLE2161AM, TLE2161BM 
_ EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


OUTPUT IMPEDANCE 
VS 
FREQUENCY 


Voc: = £15V Heep 

rae (HH || MTT 
Allee TEA Il 

10 va We | val 
Baia 

We L 

baal A a 
a HH 
: il 


0 


100 1k 10k 100 k 1M 
f — Frequency — Hz 


1000 


100 


Zo — Output Impedance — Q 
eek 


COMMON-MODE REJECTION RATIO 
VS 
FREQUENCY 


CMRR — Common-Mode Rejection Ratio — dB 


10 100 1k 10k 100k 1M 10M 
f — Frequency — Hz 


Figure 20 Figure 21 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


340 


Vo = 0 
No Load 


340 
Vo = 0 
No Load 


320 320 
* = 4 
. Ta = 125°C < 
: a § 
2 300 = ie ® 300 
= =) 
© © 
= an = 
rom roe 
of 280 . = 280 
” ” 
I | 
°}) oO 
2 LS 
260 260 
240 240 
0 2 4 6 S <30t-t2.- 44-36. 18. 2 -75 -50 -25 0 25 50 7o 100. 125 
I\Voc+| — Supply Voltage - V Ta — Free-Air Temperature — °C 
Figure 22 Figure 23 
INSTRUMENTS 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 
SMALL-SIGNAL SMALL-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


2 =, 0 
I 1 
© © 
oD D 
2 2 
S Sep 
> 3 
& ay 
a 3 
Oo oO Vecs = £15V 
© Oo Ayp = 5 
> ee 00 Ru = 10 kQ 
Ci = 100 pF C, = 100 pF 
Ta = 25°C Ta = 25°C 
See Figure 1 See Figure 1 
— 100 —100 
t — Time — ps t — Time — ps 
Figure 24 Figure 25 
LARGE-SIGNAL LARGE-SIGNAL 
PULSE RESPONSE PULSE RESPONSE 


> > 
i I 
© r) 
D D 
s = 
Ss Ss 
Es B 
6 6 Voc = t15V 
1 y Ayp = 5 
(e) 
2 > Ryu = 10 kQ 
Ci = 100 pF Ci = 100 pF 
Ta = 25°C Ta = 25°C 
See Figure 1 See Figure 1 
0 10 20 30 40 
t — Time — ps t — Time — ps 
Figure 26 Figure 27 


EXAS wy 
INSTRUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 4-519 


TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE 
(REFERRED TO INPUT) vs 
OVER A 10-SECOND INTERVAL FREQUENCY 
f = 0.1 to 10 Hz 


= (1111 
Salus ih 
Wiki 
ANETEEUAAI 


10 100 


Veoc+ = t15V 


0.5 


Hr 


10k 


Noise Voltage — pV 


Vn — Equivalent Input Noise Voltage — nVNHz 


THD — Total Harmonic Distortion -—- % 


4-520 


t-Time-s f — Frequency — Ay 
Figure 28 Figure 29 
TOTAL HARMONIC DISTORTION TOTAL HARMONIC DISTORTION 
VS vs 
FREQUENCY FREQUENCY 


0.25 


Ayp = § 
VocPP) = 2V 


Till ti 
Ht CHM | Voc+ = A 


Suts Sige (it TM Tet 


| Voce = +20V- = £20 Voce = +20v4 
10 100 


10k 
f- eae Hz 


Figure 30 


0.15 


0.1 


a 


100 k 


THD — Total Harmonic Distortion —- % 


0.6 


Ayp = 10 


VocpP) = 2V 
Ta = 25°C 


10 100 
f- eas - % 


0.5 


0.4 


0.3 


0.2 


0.1} 


Figure 31 


EXAS tip 
INSTRUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


100 k 


TLE2161M, TLE2161AM, TLE2161BM 


EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 


POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


GAIN-BANDWIDTH PRODUCT 
VS 
SUPPLY VOLTAGE 


Gain-Bandwidth Product — MHz 


0 a 8 12 16 20 
I\Vcc+| — Supply Voltage — V 


Figure 32 


PHASE MARGIN 
VS 
SUPPLY VOLTAGE 


Ru = 10kQ 
Cy. = 100 pF 
Ta = 25°C 

See Figure 3 


dm — Phase Margin 


Gn? -3@ "6-6 OW a2 4 WS Ae ee 


l\Vcc+| — Supply Voltage — V 
Figure 34 


GAIN-BANDWIDTH PRODUCT 
VS 
FREE-AIR TEMPERATURE 


= 100 kHz 
Ryu = 10 kQ 
Cy = 100 pF 
See Figure 3 


Gain-Bandwidth Product — MHz 


5 
-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


Figure 33 


PHASE MARGIN 
VS 
FREE-AIR TEMPERATURE 


Ayp = 5 

Riu = 10 kQ 
Ci = 100 pF 
See Figure 3 


¢?m — Phase Margin 


-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


Figure 35 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


APPLICATION INFORMATION 


macromodel information 


Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel (see Note 5) and subcircuit in Figures 36 and 37 were generated using the TLE2161M typical 
electrical and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 


Gain-bandwidth product 
Common-mode rejection ratio 
Phase margin 

DC output resistance 

AC output resistance 
Short-circuit output current limit 


Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 


OUT 


Figure 36. Boyle Macromodel 


NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Integrated Circuit Operational Amplifiers”, JEEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 


PSpice and Parts are trademarks of MicroSim Corporation. 


Macromodels, simulation models, or other models provided by TI, directly 

or indirectly, are not warranted by Tl as pep representing all of the j 
specifications and operating characteristics of the semiconductor product TEXAS 

to which the model relates. IN RUMEN 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


APPLICATION INFORMATION 


macromodel information (continued) 


-subckt TLE2161 123 45 


cl La 
c2 6 
dc 5 
de 54 
dlp 90 
dln 92 
dp 4 
egnd 99 
fb 7 
ga 6 
gcm 0 
iss 3 
hlim 90 
a5 1 I 
j2 12 
<2 6 
rdl 4 
rd2 4 
rol 8 
ro2 ¥ | 
rp 3 
rss 10 
vb 9 
vc 3 
ve 54 
vlim 7 
vip 91 
vin 0 
model dx 
model jx 
ends 


12 
4 
53 


92 


125.4E-14 
5 .000E-12 


REE RE 


poly (2) (3,0) (4,9). .0 .5 .5 
poly(5) vb vc ve vip vin 0 4.085E6 -4E6 4E6 4E6 -4E6 
11 12 201.125-6 
10 99 3.576E-9 
dc 45.00E-6 
vlim 1K 

10 jx 

a0 5 

100. 0E3 
4.973E3 
4.973E3 

280 

280 

113.2E3 
4.444E6 

dc 0 

dc 2 

dc 2 

dc 0 

dc 50 

de 50 


D (Is=800.0E-18) 
PJUF (Is=1.000E-12 Beta=480E-6 Vto=-1) 


Figure 37. Marcomodel Subcircuit 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
POWER OPERATIONAL AMPLIFIERS 


APPLICATION INFORMATION 


input characteristics 


The TLE2161M, TLE2161AM and TLE2161BM are specified with a minimum and a maximum input voltage 
that, if exceeded at either input, could cause the device to malfunction. 


Because of the extremely high input impedance and resulting low bias-current requirements, the TLE2161M, 
TLE2161AM, and TLE2161BM are well-suited for low-level signal processing; however, leakage currents on 
printed circuit boards and sockets can easily exceed bias-current requirements and cause degradation in 
system performance. It is a good practice to include guard rings around inputs (see Figure 38). These guards 
should be driven from a low-impedance source at the same voltage level as the common-mode input. 


VI ] 
2 Vo Vy 
xe is 
R3 
R4 
WHERE R3 = Re = <i = 
R4 R1 


Figure 38. Use of Guard Rings 


input offset voltage nulling 


The TLE2161M series offers external null pins that can be used to further reduce the input offset voltage. The 
Circuit of Figure 39 can be connected as shown if the feature is desired. If external nulling is not needed, the 
null pins may be left disconnected. 


OFFSET N2 


OFFSET N1 


5 kQ 
Vec- 


Figure 39. Input Offset Voltage Nulling 
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TLE2425M, TLE2425Y 
PRECISION VIRTUAL GROUND 


D3824, MARCH 1991 — REVISED JANUARY 1992 


@ 2.5-V Virtual Ground for 5-V/GND Analog JG PACKAGE 
Systems (TOP VIEW) 
@® High Output-Current Capability : ouTf}1 Ls .] NC 
Sink or Source ... 20 mA Typ COMMON []2 7{]NC 


IN| ]3 61 | NC 


@ Micropower Operation ... 170 nA Typ nc [4 sf ]NC 


Excellent Regulation Characteristics 


Output Regulation = +45 pV Typ NC — No internal connection 
lo=Otot10mA 
Input Regulation = 1.5 pV/V Typ OUTPUT REGULATION 


@ Low-impedance Output ... 0.0075 © Typ 
@ Macromodel Included 


description 


In signal-conditioning applications using a single 
power source, a reference voltage is required for 
termination of all signal grounds. To accomplish 
this, engineers have typically used solutions 
consisting of resistors, capacitors, operational 
amplifiers, and voltage references. Texas 
Instruments has eliminated all of those 
components with one easy-to-use 3-terminal 
device. That device is the TLE2425M. precision 


virtual ground. =e 
iccasss —100 
Use of the TLE2425M over other typical circuit 40 8 a oh 2 ee eee 


solutions gives the designer increased dynamic ear 

: ‘ ; ‘ ; © — Output Current — mA 
signal range, improved signal-to-noise ratio, 
lower distortion, improved signal accuracy, and AVAILABLE OPTIONS 
easier interfacing to ADCs and DACs. These 
benefits are the result of combining a precision 
micropower voltage reference and a high- 
performance precision operational amplifier in a 
single silicon chip. It is the precision and 
performance of these two circuit functions 
together that yield such dramatic system-level 
performance. 


AVo — Output Voltage Change — pV 


CHIP 
re 


The TLE2425M improves input regulation as well as output regulation and reduces output impedance and 
power dissipation in a majority of virtual-ground-generation circuits. Both input regulation and load regulation 
exceed 12 bits of accuracy ona single 5-V system. Signal-conditioning front ends of data acquisition systems 
that push 12 bits and beyond can use the TLE2425M to eliminate a major source of system error. — 


The TLE2425M is characterized for operation over the full military temperature range of —55°C to 125°C. 


publication date. Products conform to specifications 
per the terms of Texas Instruments standard 
warranty. Production processing does not 


EXAS 
necessarily include testing of all parameters. INST RUMENTS 
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PRODUCTION DATA information is current as of f Copyright © 1992, Texas Instruments Incorporated 
vip 


TLE2425Y 
PRECISION VIRTUAL GROUND 


chip information 


These chips, properly assembled, display characteristics similar to the TLE2425M. Thermal compression or 
ultrasonic bonding may be used on the doped aluminumbonding pads. Chips may be mounted with conductive 
epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 


CHIP THICKNESS: 
15 TYPICAL 


BONDING PADS: 
IN OUT 4 X 4 MINIMUM 


COMMON TJMAX = 150°C 


TOLERANCES 
ARE +10% 


ALL DIMENSIONS 
ARE IN MILS 


Note: Both number-2 bonding pads and both number-3 bonding 
pads must be bonded out to the corresponding pins. 
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TLE2425M 
PRECISION VIRTUAL GROUND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


CeCe NICs EM I CME oes i ck ess ss eS ican oo ee a A ee ee eee 40 V 
SRM RERA NR eect > es See ee ere N Saag tne 2 daa are Sis ak PAG og ak oo Dane +80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 1)............... 0. cece eee unlimited 
COTM IGHE tat ekt CIB DONOR 5. 5 Ok ae eS usw ecole ot 0 ad as we See Dissipation Rating Table 
Operating free-air temperature range, TA cece eee eevee 55°C to 125°C 
meee MIM TA 8 fia 5 pees ee yao Ik ee Bg —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds ................ 2c cece eee eeee 300°C 


NOTE 1: The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum dissipation 
rating is not exceeded. 


DISSIPATION RATING TABLE 
Ta <25°C = DERATINGFACTOR ___ Ta = 70°C Tp = 85°C Tp = 125°C 
POWER RATING ABOVET,=25°C POWERRATING POWERRATING POWER RATING 


PACKAGE 


recommended operating conditions 


Input voltage, V| 


Operating free-air temperature, Tp —55 125 
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TLE2425M 
PRECISION VIRTUAL GROUND 


electrical characteristics at specified free-air temperature, Vj = 5 V,I9Q = 0 (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN. TYP MAX | UNIT 


Output voltage 2.48 2 2.52 y 
Fullrange| 2.47 2.53 
Temperature coefficient of output voltage Eee ieee ppm/°C 
PN Gees eee 


= 1 
Bias current 
Full range 
pV/V 


Vi=45Vt055V 
Full range 
Vj=4.5 Vito 40 V 
Full range 


Ripple rejection f= 120 Hz, AViyppy =1V 


1 
1 


Input regulation 


S 


Ig = 0 to-10 mA Seal 
Full range 


Output regulation (source current)+ +250 


Io = 0 to -20 mA -150 +450 
RE 15 +160 
lo=O0to3mA 
Full range +250 pw 


Output regulation (sink current)+ 


Iq =0 to 20 mA 65 +235 


—_ 
on 
Be) 
3 


At 1000 hours, Noncumulative 
Output impedance Pee ee ae 7 


Sink current, Vo =5 V 


250 
250 
20 
100 
20 
100 
Long-term drift of output voltage 
22 


5 


5 

20 

70 

5 

5 

5 

: 30 55 
Short-circuit output current Source current, Vo = 0 25°C 30 50 
80 
0 
10 


Ul 
m 
m 
Output noise voltage, rms f =10 Hz to 10 kHz 100 
V9 150.1% 110 
lo =+10mA C; = 100 pF 
O L p nan 115 


V 
V 
V 


Output voltage response to output current step 


Vo 16 0.01%, : 
lo=+10mA =| C = 100 pF 1 
lL 


Vi =4.5Vto5.5V, Vo to0.1% 
Output voltage response to input voltage step Vj =4.5 Vt055V, Vo to 0.01% 25°C 3 
Vi=O0to5V, Vo to0.1% 125 


V;)=OtoSV, Vo to0.01% 3 


-_— 
NO 


A 
S 
S 
S 


Output voltage turn-on response 


TFull range is -55°C to 125°C. 
tSample tested. Pulse-testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 


effects must be taken into account separately. 
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TLE2425Y 
PRECISION VIRTUAL GROUND 


electrical characteristics at Vj = 5V,Io = 0, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS TYP MAX 
Output voltage 


Temperature coefficient of output voltage 


UNIT 


ppm/°C 


= 
= 


Bias current — 


Input regulation Vi=45Vto5.5V 
as Vi=4Vto40V 


Ripple rejection f=120Hz, AVipp)=1V 


170 


-45 +160 
-150 +450 
15 +160 
65 +235 
75 225 


lo =0to-10mA 
Output regulation (source current)t 
ne ( Iq = 0 to -20 mA 
lg =0to 10 mA 
t lati k current)t 
Output regulation (sink current) lo 0 to 20 mA 


Output impedance 


Short-circuit output current 


Sink current, Vo = 5 V 
Source current, Vo = 0 


Output noise voltage, rms f =10 Hz to 10 kHz 


8 
g 
g 


= 


C; =0 
ae ares a eee 
ae tts rs C, = 100 pF 
Output voltage response to output current step C, =0 

Vo to 0.01%, Io =+ 10 mA ~ 

oe O m [© = 100 pF 


Vj=4.5Vto5.5V, Vo to0.1% 
Output voltage response to input voltage step Vj=45V1055V, Vo to 0.01% 30 s 


= 
nw 


ESE 


| 
| 
Vi =O0to5V, Vo to0.1% 


TtSample tested. Pulse-testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 
effects must be taken into account separately. 
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TLE2425M 
PRECISION VIRTUAL GROUND 


TYPICAL CHARACTERISTICS 


table of graphs 


Distribution 

Output voltage 
a foc ee ae es 
Output voltage hysteresis Bee We Gates os fo So 


i es 28. 5 ane NTR one 

ie ie | ee 
See ee ee 
St Se TC oe" eee ee a 


vs 

Ss 

Vs 

r i ee 
[___ShortSreulteutputcurrent___——=~SCSCS*dC We Temperate | 

VS 

Ss 

Ss 

VS 

Ss 


V 
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Percentage of Units -— % 


AVo — Output Voltage — mV 


TLE2425M, TLE2425Y 
PRECISION VIRTUAL GROUND 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 
DISTRIBUTION OF vs 
OUTPUT VOLTAGE FREE-AIR TEMPERATURE 


100 Units Tested 
From 1 Wafer Lot 


> 
w 
D 
= 
> 
3 
: = 5 
=) 
| .°) 
> 
2.48 2.49 2.5 2.51 2.52 “=75 =§0) =25 0 25° «680 > 75-2900. 125 
Vo — Output Voltage — V Ta — Free-Air Temperature - °C 
Figure 1 Figure 2 
OUTPUT VOLTAGE HYSTERESIS BIAS CURRENT 
Vs Vs 
FREE-AIR TEMPERATURE INPUT VOLTAGE 
250 
Vj= 5V 
Normalized to First 25°C Vo 
200 
< 
* 
» 150 
e 
= 
8 
» 100 
B 
a 
50 
0 
-75 -50 -25 0 25 SE) 7S OOO 125 0 5 10. 15 + 26°. *26; 3 58S. - 40 
Ta — Free-Air Temperature — °C Vj — Input Voltage — V 
Figure 3 Figure 4 
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TLE2425M | 
PRECISION VIRTUAL GROUND 


Bias Current —- pA 


Ripple Rejection — dB 


4-532 


TYPICAL CHARACTERISTICS 


BIAS CURRENT 


vs 
FREE-AIR TEMPERATURE 


75 100 125 
Ta — Free-Air Temperature — °C 


Figure 5 


RIPPLE REJECTION 


Vs 
FREQUENCY 


il ti a a 

B00 0 
CU ATE LIN TL 
HAN 
Hl UI TD 
: Slim CTF 


10k 100 k 1M 
f- ae: Hz 


Figure 7 


AVo — Output Voltage Change — pV 


Zo — Output Impedance — Q 


INPUT REGULATION 


V; — Input Voltage — V 
Figure 6 
OUTPUT ae igs 


FREQUENCY 


Vj= 5V 
Ta = 25°C i 


100 


0.1 He LG y 4 
ML i onl 
0.01 


Sa 
rT Tin LA mn 


10 100 1k 10k 
f — Frequency — Hz 


100 k 1M 


Figure 8 
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los — Short-Circuit Output Current - mA 


Wide-Band Noise Voltage — 1 V rms 


TLE2425M, TLE2425Y 
PRECISION VIRTUAL GROUNDS 


TYPICAL CHARACTERISTICS 


SHORT-CIRCUIT OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 


-los 


Va Output Source, 
~ 


-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


Figure 9 


WIDE-BAND NOISE VOLTAGE 
vs 
FREQUENCY 


To 
af el Ill tat 


aL lil ; 
CUM LIMA, 
a fi | 


TTI 
cil 
wee sit 
10 aaa 
vil Pall 


o LM UH - 
: et ae a 


Ki 
1-Pole Low Pass ( 
f, 


2-Pole Low Pass 


.: ana | 
seer UI LTT 


\ 


AVo — Change in Output Voltage — mV 


Vn — Noise Voltage — nV/VHz 


SPOT NOISE VOLTAGE 
vs 
FREQUENCY 
1400 
1200 
1000 
800 
600 
TTT TIN 
200 
jL_TA = 25°C ith 
1 100 1k 10k 100 k 
f — Frequency — Hz 
Figure 10 
OUTPUT VOLTAGE RESPONSE 
TO OUTPUT CURRENT STEP 
Vs 
TIME 


10 100 1k 10 k 100 k 0 150 300 450 600 750 900 1050 
f — Frequency — Hz t - Time — ps 
Figure 11 Figure 12 
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TLE2425M 
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3 TYPICAL CHARACTERISTICS 
OUTPUT VOLTAGE RESPONSE 
TO INPUT VOLTAGE STEP OUTPUT VOLTAGE POWER-UP RESPONSE 


vs 
TIME 


> 
E 
1 
® 
re.) > 
= 
2 & 
a oO 
3 = 
& ° 
s > 
ie) 3 
£ = 

=) 
D 3 
& 
£ 
G 2 
i 
Oo 
> 
<j 

t — Time — ps 
Figure 13 Figure 14 


STABILITY RANGE 
VS 
LOAD CAPACITANCE 


lo — Output Current — mA 


10-6 10-5 10-4 10-3 10-2 10-1 109 101 102 
Cy — Load Capacitance — pF 


Figure 15 
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TLE2425M, TLE2425Y 
PRECISION VIRTUAL GROUND 


APPLICATION INFORMATION 


macromodel information 


Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel and subcircuit in Figure 16 were generated using the TLE2425M typical electrical and operating 
characteristics at 25°C. Using this information, output simulations of the following key parameters can be 
generated to a tolerance of 20% (in most cases): 


Unity-gain frequency 
Common-mode rejection ratio 
Phase margin 

dc output resistance 

ac output resistance 
Short-circuit output current limit 


Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 


PSpice and PARTS are trademarks of MicroSim Corporation. 
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TLE2425M 
PRECISION VIRTUAL GROUND 


macromodel information 


* TLE2425 OPERATIONAL AMPLIFIER “MACROMODEL” SUBCIRCUIT 
* CREATED USING PARTS RELEASE 4.03 ON 08/21/90 AT 13:51 
* REV (N/A) SUPPLY VOLTAGE: 5 V 

* CONNECTIONS : INPUT 

* | COMMON 

* | | OUTPUT 

. FE ee 


.SUBCKT TLE2425 3 4 5 
* 


* OPAMP SECTION 


Cl Ld 12 21.66E-12 
cz 6 7 30 .00E-12 
es 87 0 10.64E-9 
CPSR 85 86 15 .9E-9 
DCM+ 81 82 DX 

DCM- 83 81 DX 

DC 5 | DX 

DE 54 > DX 

DLP 90 91 DX 

DLN 92 90 DX 

DP s 3 DX 


ECMR 84 99 (2,99) 1 

EGND 99 0 POms te}, (3,0) -14,0) O:-.5: 45 
EPSR 85 0 POLY(1) (3,4) -16.22E-6 3.24E-6 
ENSE 89 2 POLY(1) (88,0) 120E-6 1 


FB 7 99 POLY (6) VB VC VE VLP VLN VPSR 0 74.8E6 -10E6 10E6 10E6 
+ -10E6 74E6 

GA 6 0 11 12 320.4E-6 

GCM 0 6 10 99 1.013E-9 

GPSR 85 86 (85,86) 100E-6 

GRC1 4 11 (4,11) 3.204E-4 

GRC2 4 12 (4,12) 3.204E-4 


GRE1 13 10 (13,10) 1.038E-3 
GRE2 14 10 (14,10) 1,038E-3 


HLIM 90 0  VLIM 1K 
HCMR 80 1 POLY(2) VCM+ VCM- 0 1E2 1E2 
IRP 3 4 146E-6 

IEE 3 10 DC 24.05E-6 
IIO 2 0 .2E-9 

ie 8 88 0 1E-21 

Q1 2 66.4 oe 

Q2 12 80 14 Qx 

R2 6 9 100.0E3 

RCM oP aah © Meee 8 

REE 10 99 8. 316E6 

RN1 87 0 2.55E8 

RN2 87. 88 .-11:97E3 
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TLE2425M,TLE2425Y 


PRECISION VIRTUAL GROUND 


macromodel information (continued) 


RO1 ea cee 
RO2 : ee eee 
VCMt 82 99 1.0 
veM- 83 99 -2.3 
VB 26.) Dew 
vc SS SF ae 400 
VE 54. 4 pe 1.400 
VLIM : ee ee 
VLP St =" + BC 30 
VLN 0 92 pe 30 
VPSR 6 786 > pe.8 
RFB 5 2 1K 
RIN 30 ZL 1K 
a eT Sere Sa | 
*REGULATOR SECTION 
RG1 30 0 20MEG 
RG2 2: BF 38 
RG3 31 35 400K 
RG4 $5. 34. a2ik 
RG5 31 36 25MEG 
HREG ch ae POLY (2) VPSET VNSET 0 1E2 1E2 


VREG ae 33 DC OV 
EREG 33 34 POLY (1) °(36,34)-. 2.2351 
VADJ 36 34 kee 


HPSET 37 0 VREG 1.030E3 
VPSET 38 0 DC 20V 
HNSET 39 0 VREG 6.11E5 
VNSET 40 0 DC =-Z20V 
DSUB A 34 DX 


DPOS af 38 DX 

DNNEG 40 39 DX 
.MODEL DX D(IS=800.0E-18) 
.MODEL QX PNP (IS=800.0E-18 BF=480) 
. ENDS 


Figure 16. Boyle Macromodel and Subcircuit 
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TLE2426M, TLE2426Y 
THE "RAIL SPLITTER" 
PRECISION VIRTUAL GROUND 


D3878, AUGUST 1991 


e 1/2 Vj Virtual Ground for Analog Systems JG PACKAGE 
(TOP VIEW) 
e Self-Contained 3-Terminal TO-226AA Package 
out[]1 U sf] noise REDUCTION 
e Micropower Operation . .. 170 yA Typ, ComMMONT]2 7/1NC 
Vyp= 5 IN{I3 ef ]NC 


e Wide V; Range...4V to 40 V NC|}4 5} J NC 


e High Output-Current Capability 
Sink ... 20 mA Typ 
Source ... 20 mA Typ 


NC — No internal connection 


e Excellent Output Regulation... +45 pV Typ, eee TRANSFER CHARACTERISTICS 


lo = -—10mAto10mA 
e Low-Impedance Output ... 0.0075 © Typ 


e Noise Reduction Pin : 
description 
> 6 
In signal-conditioning applications utilizing a single I 
power source, a reference voltage equal to one- ) 
half the supply voltage is required for termination of c 4 


all analog signal grounds. Texas Instruments 
introduces a precision virtual ground whose output 
voltage is always equal to one-half the input 
voltage, the TLE2426M "rail splitter”. 2 


The unique combination of a high-performance, 
micropower operational amplifier and a precision- 0 
trimmed divider on a single silicon chip results ina 

precise V0/V, ratio of 0.5 while sinking and Time - s 
sourcing current. The TLE2426M provides a low- 

impedance output with 20 mA of sink and source AVAILABLE OPTIONS 


Capability while quiescently drawing less than 
| PACKAGE | CHIP FORM 
TA CERAMIC DIP 
(JG) (Y) 


280 yA of supply current over the full input range 
— 55°C to 125°C | TLE2426MJG| TLE2426Y 


of 4 to 40 V. A designer need not pay the price in 
terms of board space for a conventional signal 
ground solution consisting of resistors, capacitors, 
operational amplifiers, and voltage references. 


Initial output tolerance for a single 5-V or 12-V system is better than 1% with 3.6% over the full 
40-V input range. Load rejection exceeds 12 bits of accuracy. Whether the application is for a data acquisition 
front end, analog signal termination, or simply a precision voltage reference, the TLE2426M eliminates a major 
source of system error. These devices are characterized over the full military temperature range of —55°C 
to 125°C. 


publication date. Products conform to specifications 
per the terms of Texas Instruments standard 
warranty. Production processing does not 


necessarily include testing of all parameters. IN STRUMENTS 
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PRODUCTION DATA information is current as of fi Copyright © 1992, Texas Instruments Incorporated 


TLE2426Y 
THE “RAIL SPLITTER" 
PRECISION VIRTUAL GROUND 


chip information 


These chips, properly assembled, display characteristics similar to the TLE2426M (see electrical table). Thermal 
compression or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted 
with conductive epoxy or a gold-silicon preform. 


BONDING PAD ASSIGNMENTS 


CHIP THICKNESS: 
15 TYPICAL 


BONDING PADS: 
4X4 MINIMUM 


NOISE 


REDUCTION OUT (4)... ees HOS 


TOLERANCES 
ARE +10% 


COMMON (2) ae eta 


Note: Both bonding pads number 1, both number 2, and both 
number 3, must be bonded out to the corresponding 
functions pin. 
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TLE2426 
THE "RAIL SPLITTER" 
PRECISION VIRTUAL GROUND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sire eel EE OOO Fess a oe ea eR ae oe Cav ead kee eas Lhe oe Pe ee 40 V 
Cts a Cee VA ag ores se oe va ead nc ee RE ee a ed FET oh Se Oe eS 40 V 
Re, Ce a nas a ace to fal» 3 eo Rae a es ols oa ee ae ee +80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 1)...............-.....2000e unlimited 
CEE rete Tar uD os ba oo wie ee ne ee ees Se US ees See Dissipation Rating Table 
Operating free-air temperature range, Ta cece eee ees 55°C to 125°C 
Bee eine ik ds Ws aa vs bs + oy «oe py ea eee eS —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds ............. 00... 300°C 


NOTE 1: The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum dissipation 
rating is not exceeded. 


DISSIPATION RATING TABLE 
Ta $ 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C 
POWER RATING ABOVE T,=25°C POWERRATING POWER RATING POWER RATING 


JG 1050 mW 8.4 mW/°C 672 mW 546 mW 270 mW 


PACKAGE 


recommended operating conditions 


Input voltage, V; 


Operating free-air temperature, Tp 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 
VIRTUAL GROUND 


electrical characteristics at specified free-air temperature, Vj = 5V,Io = 0 (unless otherwise noted) 


Vj=4V 
Output volta soe = 
i atta V; = 40 V 205 20.7 209 
Se 
| 
25°C 
Output regulation (sinking current)+ pV 
poe Ae pee eae ee 
EI Sire eae ee DRI 


PO 

ol 

° 
a 
pe) 
oO 


Output noise voltage, rms 


Output impedance ES 22.5 
Noise-reduction impedance 
oH Sinking current, Vo = 5 V 
Short-circuit current i i eect 25°C s m 
Sourcing current, Vo = 0 “a, ~Al 


2 
aaa 
f = 10 Hz to 10 kHz NR C 
= D 
%G =+ oO 
Va to 0.01%, In = +10 mA se ° 
sta ek ms [Gy = 100 pF 39 


Vi=O0to5V, Vo to0.1% 2 

Step response C; = 100 oF ) 

Y=owSV.Vowoorm | TE 
TFull range is —55°C to 125°C. 


This parameter is not production tested. Pulse-testing techniques are used to maintain the junction temperature as close to the ambient 
temperature as possible. Thermal effects must be taken into account separately. 


6 
V 

: 

9 


Output voltage current, step response 


2) QO 
st 
>) io) 


5 
5 
5 Q 
Q 
6 
A 
0 
0 
5 
S 
0 
0 
S 


, 
N 
oO 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 
VIRTUAL GROUND 


electrical characteristics at specified free-air temperature, Vj = 12V,lo = 0 (unless otherwise noted) 


io) fat _ ° 
Vo to 0.01%, Ign =+10mA _ 0 
Oe ree Toy = 100pr 
V) =0 to 12 V, Vo to 0.1% 
Step response C; = 100 pF ° 
femeeme | heteewnbeom Ae 
TFull range is -55°C to 125°C. 


This parameter is not production tested. Pulse-testing techniques are used to maintain the junction temperature as close to the ambient 
temperature as possible. Thermal effects must be taken into account separately. 


QO (2) 
‘ez ie 
© oO 
— 
Nm | — 
O}r 
= 
n 


Output voltage current, step response 


Tat | MIN TYP MAX | UNIT _ 
Veav 
Vj =12V 25°C 6 6.05 6.1 
eS sd 
Dee 2 eee ae 
Output regulation (sinking current)? AV 
a eee Sis emer meme ie (hie ne 2 RE 
eminent 
Sourcing current, Vo = 0 
Output noise voltage, rms f = 10 Hz to 10 kHz 25°C pV 
Cyr =1 pF 30 
a7 
40 
39 


5 
0 
0 
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TLE2426Y 
THE "RAIL SPLITTER" PRECISION 
VIRTUAL GROUND 


electrical characteristics at specified free-air temperature, Vj =5V, Ilo = 0, Ta = 25°C (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


VELL 
Vj=40V 
170260 
: : 
=150 _ #450 
ae 154160 
irc epaiiling erent) 
ee eee ee ee en ee 
Pees oe ee ee ee ee 
hg Sinan Vg=6V 0. ee ee 
Output noise voltage, rms 4 pV 


Vo to 0.1%, Ig = +10 mA 


Output voltage current, step response C =0 ccs. Saaeea 
Vo to 0.01%, lo = + 10 mA 
| op=100pF | 390 = 
Vi=010 5 V, Vo 100.1% Bice: aia 
[meme ARSSSTGESS fae f——] 


electrical characteristics at specified free-air temperature, Vj = 12 V,lo = 0, Ta = 25°C (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


V,=4V 1.975 1.995 2.015 
Output voltage Vj=12V 6 6.05 6.1 V 
V; =40V 205 20.7 209 
Supply current No load ae ee A 
lq =0 to-10 mA -45 +160 
Output regulati t)t - V 
utput regulation (sourcing current) Iq = 0 to -20 mA 150 4450 e 


lo =0to3mA 15 +160 
Output regulation (sinki t)t ~ Vv 
utput regulation (sinking current) Ip =0 to 20 mA 65 4235 


Output impedance ee a eg ee 
Noise-reduction impedance ee oe es ea 


Output noise voltage, rms 


Vo to 0.1%, Ig = +10 mA 


% =+ 
Vo t0 0.01%, lg=+10mA Cl = 100 pF 


Vj = 0 to 12 V, Vo to 0.1% Fone eee : 
St C; = 100 pF 


tsample tested. Pulse-testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. 
Thermal effects must be taken into account separately. 


Output voltage current, step response 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 
VIRTUAL GROUND 


TYPICAL CHARACTERISTICS 


table of graphs 


Output voltage Distribution 
Output voltage change vs Free-air temperature 
Output voltage error vs_ Input voltage 


| vs__Input voltage Serre Veo 
Bias current : 

vs_Free-airtemperature | SSCS 

Output regulation vs Output current 

Output impedance Le eee ot el ee ee 


oe vs_ Input voltage 
Short-circuit output current . 
vs Free-air temperature 
Ripple rejection 
Output voltage response to output current step 
Output voltage power-up response 
Stability range vs Load capacitance 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 


VIRTUAL GROUND 
TYPICAL CHARACTERISTICS 
DISTRIBUTION DISTRIBUTION 
OF OF 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


98 Units Tested 
From 2 Wafer Lots 
= 5V 


Percentage of Units — % 


2.48 2.49 28 2.51 2.52 
Vo — Output Voltage — V 


Percentage of Units — % 


98 Units Tested 
From 2 Wafer Lots 


6.025 6.05 6.075 6.1 
Vo — Output Voltage - V 


Figure 1 Figure 2 
OUTPUT VOLTAGE CHANGE OUTPUT VOLTAGE ERROR 
vs vs 
FREE-AIR TEMPERATURE INPUT VOLTAGE 


150 


AVo — Output Voltage Change —- mV 
Output Voltage Error —- % 


-150 
~75 -50 -25 0 25 50 75 100 125 O 4 8 A216 20-26, -26--32 36 40 
Ta — Free-Air Temperature — °C V; — Input Voltage — V 
Figure 3 Figure 4 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 


VIRTUAL GROUND 
TYPICAL CHARACTERISTICS 
BIAS CURRENT BIAS CURRENT 
vs VS 
INPUT VOLTAGE FREE-AIR TEMPERATURE 


10 “S06 20> 2S 3 SS 
Vj — Input Voltage — V 


Figure 5 
OUTPUT REGULATION 


vs 
OUTPUT CURRENT 


Vi = 5Vor1i2V 
Ta = 25°C 


-10 0 10 
Io — Output Current —- mA 


Figure 7 


Bias Current — pA 


Output Impedance — Q 


0 
-75 -50 =-25 0 25 .- S0- “75 - 400° 125 - 
Ta — Free-Air Temperature — °C 


Figure 6 
OUTPUT IMPEDANCE 


Vs 
FREQUENCY 
100 


| AA vi | 
Md 


0.1 


10 100 1k 10k 100 k 1M 
f — Frequency — Hz 


Figure 8 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 


VIRTUAL GROUND 
TYPICAL CHARACTERISTICS 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
vs Vs 
INPUT VOLTAGE INPUT VOLTAGE 


los — Short-Circuit Output Current - mA 
los — Short-Circuit Output Current — mA 


V; — Input Voltage — V ly — Input Voltage — V 


Figure 9 Figure 10 
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


los — Short-Circuit Output Current - mA 
los — Short Circuit Output Current — mA 


0 
Th we” 9 6 25 50 75 100 125 -75 -50 -25 0 25 50 fa 300" 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
Figure 11 Figure 12 
Ti 42 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 


VIRTUAL GROUND 
TYPICAL CHARACTERISTICS 
RIPPLE REJECTION SPOT NOISE 
vs Vs 
FREQUENCY FREQUENCY 


Vi = 5Vori2V 


chapped Wales WE: BABS 
ort |. Y Noun esak | 
i eee 


Ripple Rejection — dB 


10 100 1k 10k 100 k 1M 
f — Frequency — Hz 


Figure 13 


OUTPUT VOLTAGE RESPONSE 
TO OUTPUT CURRENT STEP 
Vs 
TIME 


AVo — Change In Output Voltage — mV 


0 1000 2000 3000 4000 
Time — ps 


Figure 15 


N 
E 
s 
= 
i 
® 
oO 
Ss 
iC) 
> 
® 
” 
‘Oo 
= 
\ 
Cnr = 0 
aa oa oF | 
0 FERRE) FASE 
1 10 100 1k 10k 100 k 


f — Frequency — Hz 


Figure 14 


OUTPUT VOLTAGE POWER-UP RESPONSE 
Vs 
TIME 


Output Voltage Response 


Vo — Output Voltage - V 


0 50 100 150 200 
Time — ps 
Figure 16 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 


VIRTUAL GROUND 
TYPICAL CHARACTERISTICS 
STABILITY RANGE 
vs 
LOAD CAPACITANCE 
Vj = 5Vor12V co 
< 
E 
i 
S 
: 
3 
6 
I 
° 


ae = 
10-6 10-5 10-4 amr 10-2 10-1 100 101 102 
C, — Load Capacitance — pF 


Figure 17 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 
VIRTUAL GROUND 


TYPICAL CHARACTERISTICS 
macromodel information 


Macromodel information provided was derived using PSpice™ PARTS™ model generation software. The Boyle 
macromodel (see Note 2) and subcircuit in Figure 18 were generated using the TLE2425M typical electrical and 
operating characteristics at 25°C. Using this information, output simulations of the following key parameters can 
be generated to a tolerance of 20% (in most cases): 


Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 


Unity gain frequency 
Common-mode rejection ratio 
Phase margin 

dc output resistance 

ac output resistance 
Short-circuit output current limit 


NOTE 2: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, Macromodeling of Integrated Circuit Operational Amplifiers, |EEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). . 


PSpice and PARTS are trademarks of MicroSim Corporation. 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 
VIRTUAL GROUND 


macromodel information 


* TLE2426 OPERATIONAL AMPLIFIER “MACROMODEL” SUBCIRCUIT 
* CREATED USING PARTS RELEASE 4.03 ON 08/21/90 AT 13:51 
* REV (N/A) SUPPLY VOLTAGE: 5 V 
* CONNECTIONS: FILTER 
| INPUT 

* | | COMMON 
* | | | ouTPpuT 
* Pat og 
.SUBCKT TLE2426 sae eB 

C1 cel y Bs 21.66E-12 

C2 6 7 30.00E-12 

C3 87 0 10.64E-9 


CPSR 85 86 15 .9E-9 
DCM+ 81 82 DX 


DCM- 83 81 DX 
DC 2 53 DX 
DE 54 5 DX 
DLP 90 91 DX 
DLN 92 90 DX 
DP 4 3 DX 


ECMR a4. 990. 42. 99). 1 

EGND 99 oO: “pOEei2) 1370)" t4,0).0 .5..5 
EPSR 85 0  POLY(1) (3,4) -16.22E-6 3.24E-6 
ENSE 89 2  POLY(1) (88,0) 120E-6 1 


FB 7 99 POLY (6) VB VC VE VLP VLN VPSR 0 74.8E6 -10E6 10E6 10E6 -10E6 74E6 
GA 6 0 11 12 320.4E-6 
GCM 0 6 10 99 1.013E-9 
GPSR 85 86 (85,86) 100E-6 
GRC1 4 a Gp (4,11) 3.204E-4 
GRC2 4 ide (4,12) 3.204E-4 


GRE1 i3 10 (13,10) 1.038E-3 
GRE2 14 10 (14,10) 1.038E-3 


HLIM 90 0 VLIM 1K 
HCMR 80 1 POLY (2) VCM+ VCM- 0 1E2 1E2 
IRP 2 4 146E-6 

IEE a 10 DC 24.05E-6 
IIo 2 0 . 2E-9 

I1 88 0 1LE-21 

Ql 11 89 13 QxX 

Q2 LZ 80 14 Ox 

R2 6 9 100 .0E3 
RCM 84 81 1K 

REE 10 99 8 .316E6 

RN1 87 0 2.55E8 

RN2 87 88 11.67E3 

RO1 8 5 63 

R02 7 99 62 

VCM+ 82 99 4.0 

VCM-— 83 99 “25S 

VB 9 0 DC 0 
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TLE2426M 
THE "RAIL SPLITTER" PRECISION 
VIRTUAL GROUND 


macromodel information (continued) 


ve | 53 DC 1.400 
VE 54 4 DC 1.400 
VLIM 7 8 DC 0 

VLP 91 0 DC 30 
VLN 0 92 DC 30 
VPSR 0 86 DC 0 

RFB 5 2 1K 

RIN1 3 4 220K 
RIN2 1 & 220K 


.MODEL DX D(IS=800.0E-18) 
.MODEL QX PNP (IS=800.0E-18 BF=480) 
.- ENDS 


Figure 18. Boyle Macromodel and Subcircuit 
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TPIC2406M 
INTELLIGENT-POWER QUAD MOSFET LATCH 


D3378, FEBRUARY 1990—REVISED JANUARY 1992 


° Output Voltage up to 60 V J PACKAGE 
(TOP VIEW) 


® 4 Output Channels of 300-mA Typical 
Current Per Channel 1,4 CLAMP [} 1 24]] CLR 


®* Pulsed Current 1 A Per Channel era 2 = er 
$0,798 


° Low rpscon) - - - 0.5 2 Typ 1 DRAIN [] 4 211] 4 DRAIN 
NC J 5 20]} NC 
° Thermal Shutdown Protection With Fault GND [| 6 19f] GND 
(Overtemperature) Output GND [17 18{] GND 
¢ Integral Output Clamp Diodes NC Us = 171} NC 
2 DRAIN |} 9 16|] 3 DRAIN 


* Input Transparent Latches for Data Storage 2 IN [] 10 15]}} 3 IN 


Voc [11 141] Vpp 


° Asynchronous Clear to Turn Off All Ff] 12 131] 2,3 CLAMP 


Outputs 
°* Output Parallel Capability for Increased NC-No internal connection 
Current Drive Up to 4-A Total Pulsed Load 
Current 
description 


The TPIC2406M is a monolithic, intelligent-power quad MOSFET latch designed for use in systems that require 
high load power. The device contains built-in high-speed output clamp diodes for inductive transient protection. 
Power driver applications include lamps, relays, solenoids, and dc stepping motors. 


The device features four inverting open-drain outputs, each controlled by an input storage latch with common 
clear and enable controls. All inputs accept standard TTL- and CMOS-logic levels. The CLR function is 
asynchronous and turns all four outputs off regardless of data inputs. Taking ENBL low puts the input latch into 
atransparent mode, allowing the data inputs to affect the output. In this state, all four outputs will be held off while 
CLR is low, but will return to the stages on the data inputs when CLR goes high. When ENBL is taken high, the 
latch is put into a storage mode and the last state of the data inputs is held in the latches. If CLR is taken low, 
the data in the latches is cleared, turning all outputs off. If CLR is taken high again, ENBL must be cycled low 
to read new data into the latch. 


FUNCTION TABLE 
(each channel) 


FUNCTION eS OUTPUT pe 


t X H 
z H L H 
L H H H 
H H X H 


Thermal Shutdown Pa eee 


H = high level, L = low level, X = irrelevant 


Normal Operation 


Products conform to specifications per the terms of Texas 
Instruments standard warranty. Production processing does not 


PRODUCTION DATA information is current as of publication date. Rij Copyright © 1992, Texas Instruments Incorporated 
necessarily include testing of all parameters. 
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TPIC2406M 
INTELLIGENT-POWER QUAD MOSFET LATCH 


D3378, FEBRUARY 1990—REVISED JANUARY 1992 


logic symbolt 
CLR = 
e 
ENBL 
1 DRAIN 
1IN 
4 DRAIN 
4IN 
1,4 CLAMP 
2 DRAIN 
2 IN 
3 DRAIN 
3 IN 
2,3 CLAMP 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
logic diagram (positive logic) 


14 


Voltage 
Regulator 


Vpp 


11 Undervoltage 


Vcc 
Thermal 
poe Shutdown 
DH 
bs 
To 24 
CLR 2 > Thermal 
ENBL ~ ee Shutdown 
if Se 
11N TARE 


1 DRAIN 


1 1,4 CLAMP 


9. 2DRAIN 
y | 1s 
2,3 CLAMP 
10 Thermal a 16 3 DRAIN 
2 1N Bae HIER Shutdown 
15 
on a =: 
22 21 
Se ees 4 DRAIN 
ie 
23 6,7,18,19 
LGND GND 
14, 
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TPIC2406M 
INTELLIGENT-POWER QUAD MOSFET LATCH 


D3378, FEBRUARY 1990—REVISED JANUARY 1992 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL DRAIN OUTPUTS 


Vec fuenreremmrarmnvaserrcit ns 


Voltage 


Regulator 
——-— DRAIN 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Lee SEDO VOUROO. Ver 1608 MOOT ook a hee RGAE CESS CES SAGA A cee th os tetnn bulges psn Mame 7V 
Power Beare) GVO SUDDIY VONEUG, VPitiiss an cava ewes eh ech he renin concen cde eum ime sede 60 V 
SII OWL on oho 95200 ok nig rem ERE. wine EEN Was Wig AG eRe 8 Fa eulen kur aa 5 SRE MONIeR Game 7V 
POMGe A at en) -Ctertl-GOUrGe VONAIIO, WISE fic ..s 4 cs anche «cps pica w in soles» ss uapqpndicapar oma eae 60 V 
F output voltage ..............05. DS TEE LATES SEPTRIT TEER TES URE TERE 7V 
NRA AM EO ne hoa ign tsar ang apse-ad abate Meeneers shar dig Wale nggancetachaenht 6 Wk phavem Kips EAN Hae 60 V 
(COG UOHOUS- SOLNCE-Crein ClOde BNOGS GUITOIN Sis pits. «50s bea sas occu. a0 sive be baby « Welamne 300 mA 
Pulsed source-drain diode anode current (See Note 2) ..... ccc cece cece reece eee e eee aeeeeeenes 1A 
Pulsed drain current, each output, all outputs on, Ip; = Ip2 = Ip3 = Ip4, Ta = 25°C (see Note 2) ...... 1A 
Continuous drain current, each output, all outputs on, Ipy = Ip2 = Ip3 =!p4,Ta=25°C .......... 300 mA 
CGnunMous total ClasinaUOn at {Of DOIOW). "Tn eee ven dct cere ch ows ov ntees) cbmew dues tee 1050 mW 
Operating 1ree-air temperature FANGS, Ti) win sects visiv ote ciety sey cee ween oe dde's Rebel en —55°C to 125°C 
oN Terr FRIIS cls & oe GETS RE RE TORN eee CaDN wk a we BARA PURER —55°C to 150°C 
Ce NG eos one pine ha 6 oe WSS ERT Ee eR OE Te EON GOT FV SNES Ot s VERS ER 260°C 


NOTES: 1. All voltage values are with respect to the five ground (GND and LGND) terminals connected together. 
2. Pulse duration < 5 ms, duty cycle < 6%. 


¥ 
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TPIC2406M 
INTELLIGENT-POWER QUAD MOSFET LATCH 


D3378, FEBRUARY 1990—REVISED JANUARY 1992 


recommended operating conditions 


PURE pee at a ep OE 
analy wiadn vo ee ee | 
Ppreeiewen Mi wr a pe a ee ee a 
SE 2 ea a PR ae 
[Setup time, data before ENBL T tay, @eoFigue)——~SOSC~“~*~S*~“~*S*S*~“~*~*~‘“~‘~SCSOSSC“‘CNSC*dtSCC*” 
[Hold time, data afer ENBL f, ty (see Figure) ——~SCSC~“~S~“~S*~“~<~<~S~S*~S~rSCiSSCSC~*dC 


Pulse duration, t Fi 1 at re 300* 
Pulse duration, tw (see Figure 1) GLA low 
Operating free-air temperature, Ta i. ee ee 2 Sie ca 


*This parameter is not production tested. 


electrical characteristics over operating free-air temperature, Vcc = 5 V, Vpp = 14 V (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
VBRDSx__ Drain-source breakdown voltage Ip =1mA By. ee ae 
— Clamp diode forward voltage lF=1A, See Note 2 2 ae ae... Ae 
Source-drain diode forward voltage |Ig=1A, See Note 2 cas Sears cs Be 
Input clamp voltage Voc = 4.5 V, l}=~12mA ity 2 A) a 
4 F low-level output voltage loL=4mA OSes 5 eee Pe 
High-level input current Voc = 5.5 V, Vj=2.7V a ll Ra 
Low-level input current Voc = 5.5 V, V,; =0.4V 


= Output supply current lo= All outputs off eT Ne aR 


IR(K) _Clamp-diode reverse current Vps = 55 V. Vo =0 SEERA I a 


Ipsx Off-state drain current VqlseV cei Rel 


High-level fault leakage current VOH = 5.5 V 


In = 1A; 
Ta = 25°C See Note 2 
Coy Sa =1A 


Static drain-source on-state 
resistance 


'DS(on) 


NOTE 2: Pulse duration < 5 ms, duty cycle < 6%. 
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TPIC2406M 
INTELLIGENT-POWER QUAD MOSFET LATCH 


D3378, FEBRUARY 1990—REVISED JANUARY 1992 


switching characteristics, Vcc = 5 V, Vpp = 24 V, Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


t Propagation delay time, low-to-high-level drain output 
PLH from clock 


tPHL Propagation delay time, high-to-low-level drain output 
from clock 


tTHL ‘Transition time, high-to-low-level of source-drain output 
OL = 30 pF 
[iit Rise time, low-to-high-level of source-drain output ‘| ID =IN=700mA, See Figure 2 


T Full range is Ta = —55°C to 125°C. 


CL = 30 pF, See Figure 1 


operating characteristics over operating free-air temperature range 
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TPIC2406M 
INTELLIGENT-POWER QUAD MOSFET LATCH 


D3378, FEBRUARY 1990—REVISED JANUARY 1992 


PARAMETER MEASUREMENT INFORMATION 


5V 24V 


Waveform Riu = 372 
Generator ENBL 


(see Note A) Circuit Output 
Under DRAIN 
Waveform Test 
Generator Ci = 
= 30 pF 
(see Note A) = (see Note B) 


(a) TEST CIRCUIT 


5V 
Data In \ / 
_-<—— OV 


| 
ie tw(ENBL) + l 


| 
> le- ‘PLH > ie 'PHL 
| L-——— Voy 
90% 90% 
Output 10% | ° hd 10% 
| | VOL 
> a tTLH > é— tTHL 
(b) SWITCHING TIMES FROM ENABLE INPUT 
i¢— ‘w —> 
| ee he 3V 
ENBL iene sis ik 
! | OV 
Se tw(ENBL)—> 
Ld tou Py 


| | 3V 
oman XX KKK IKK KKK 


(c) INPUT SETUP AND HOLD WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: ty < 10 ns, tf s 10 ns, ty = 300 ns, PRR = 5 kHz, Zp = 50 Q. 
B. Ci includes probe and jig capacitance. 


Figure 1. Switching Times 
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TPIC2406M 
INTELLIGENT-POWER QUAD MOSFET LATCH 


D3378, FEBRUARY 1990-REVISED JANUARY 1992 
PARAMETER MEASUREMENT INFORMATION 


5V 13V 13V 


Vcc CLR VpD 
R, =17.82 


ENBL 


Circuit Output 
Waveform 
Generator 
(see Note A) C_ = 30 pF 


(see Note B) 


(a) TEST CIRCUIT (b) VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: ty s 10 ns, t¢< 10 ns, ty = 5 ms, PRR = 5 kHz, Zp) = 50 Q. 


B. Cy includes probe and jig capacitance. 


Figure 2. Switching Times 
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Mechanical Data 


1 


Mechanical Data 


5-2 


MECHANICAL DATA 


PER A PD DD BA Ss SAE EN IS kh tee 2 LR TN FIRE EE PTA EAT AAT PA SST A TTD. 
packages 


The packages offered by the Military Products Division of Texas Instruments Semiconductor Group are designed 
to provide the most efficient and cost-effective method of meeting Military system requirements. Products are 
offered in hermetic ceramic dual-in-line, ceramic flatpack, and leadless ceramic chip carrier packages. All 
packages conform to the mechanical outlines contained in Appendix C of MIL-M-38510 except for package 
types that are not included in that specification. In the event of a conflict between dimensions contained in 
MIL-M-38510, Appendix C, and other Tl-published mechanical outlines contained in data books, MIL-M-38510 
will take precedence. 


Physical dimensions of the packages not contained in MIL-M-38510, Appendix C are contained in this document. 


ceramic packages available 


PACKAGE 
DESIGNATOR DESCRIPTION 


Three-Layer Square LCC — JEDEC Pinouts 
Ceramic Quad Flatpack 
U, W 


J, JG, JT Glass Sealed CDIP 
| U,W__| Flatpack 


THERMAL RESISTANCE 
°C/W 


mechanical outlines 


TYPICAL 


SIZE/ PACKAGE APPLICATION PACKAGE 
DESIGNATOR TYPE SPECIFICATION WEIGHT Reyc RoJA 
IN GRAMS MAX TYP 


tne lowe [eae |} | 

hoes --|cometna Teper | ee 
ed Heme. lovee] 
Signe joer etmeres | oe | lee 
ee we leet | Oe | 

Dual-In-Line D-2, Config 1 

Home | | ee 
a D2 
ame ee 
omer | UY 
a 
eee 
voosino [Paper [Tawa |e | Te 


t Rec values are derived from MIL-M-38510, Appendix C, and represent values associated with test chips 360 square mils in 
area. Raja values are not contained in MIL-M-38510 but are derived from Texas Instruments characterization data. Thermal 
resistance is not production tested and values are given for informational purposes only. Data is representative of alloy- 


mounted die. 
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MECHANICAL DATA 


FKO20, FK028, FK044, FK052, FKO68, and FK084 
ceramic chip carrier 


Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid and 
braze seal. These packages are intended for surface mounting on solder leads on 1,27 (0.050) centers. 
Terminals require no additional cleaning or processing when used in soldered assembly. 


FK package terminal assignments conform to JEDEC Standards 1 and 2. 


FK020, FK028, FK044, FK052, FK068, AND FK084 Designation per JEDEC Std 30: 
(28-pin used for illustration) CQCC-N20 
CQCC-N28 
Ag CQCC-N44 
CQCC-N52 
CQCC-N68 
CQCC-N84 


4 Index Corner 


0,51 (0.020) 
0,25 (0.010) — Es 


eS. s 0,51 (0.020 
— 0,25 (0.010) 


1,40 (0.055) p— oe 
1,14 (0.045) S— me 1,14 (0.045) 
- oo eee Be 89 (0.035) 


0,71 (0.028 FW ion gees = 1,14 (0.045) — . 
eae 0,89 (0.035) 


0,56 (0.022) ack eit 
1,27 (0.050) T.P. 1,63 (0.064) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: See next page for A and B dimensions. 
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MECHANICAL DATA 


FKO20, FK028, FK044, FKO52, FKO68, and FK084 
ceramic chip carrier (continued) 


JEDEC OUTLINE NUMBER OF 

TeRiNaLS [MIN | __MAX [WIN [MAX 
Tws-ooe-ca | 20 ~*~ 60 (0.042) | aoo(oase) | 7e0 (0807 | 900 (0058) | 
[—ws-o0e-co | 28 | 17.28 (0.442) | 19,69 (0.488) | 10,51 (0.406) | 11.63 (0.458) _ 


ms-o0cD | 4#—~+d| 16.26 (0.640) | 16,76 (0.660) | 12,68 (0.408) | 14.22 (0.560) 
[ms-00a-ce | _s2——*| 18,70 (0.740) | 19.92(0.760) | 12,50 (0.495) | 14,22 (0.560) 
Baa A 

TMs-008-cG | ead 08.99,(.141) | 20.59(1.164) | 26,60.(.047) | 27,00-(1,069) 


T All dimensions and notes for the specified JEDEC Satine ara 


¥ 
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MECHANICAL DATA 


HS100 
ElAJ-specification ceramic quadriform flat package 


The 100-pin HS package is housed in a quadriform flat package. It is hermetically sealed with 0.65-mm-lead 
centers configured with gull-winged leads for surface mounting capability. 


29,0 (1.420) 
. 28,0 (1.102) > 


20,1 (0.791) 
19,9 (0.783) 


13 


23,0 (0.906) 
22,0 (0.866) 


14,1 (0.555) 
13,9 (0.547) 


hav inne sae : ae 0,70 (0.028 
2,7 (0.106) 0,41 (0.016) 0,60 (0.024) 


0,25 (0.010) 
2,1 See 083) 


7,9 (0.311) MIN 


0,30 (0.012) 
0,10 (0.004) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. All linear dimensions are in millimeters and parenthetically in inches. 
B. 0.65-mm-lead spacing configured with straight leads for surface mounting capability. 


ag 
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MECHANICAL DATA 


JG008 
ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and lead frame. Hermetic 
sealing is accomplished with glass. The package is intended for insertion in mounting hole rows on 7,62 (0.300) 
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package in 
the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing when 
used in soldered assembly. 


Designation per JEDEC Std 30: 
GDIP-T8 


10,2 (0.400) 
9,0 (0.355) 


0,63 (0.025) R NOM 


7,87 (0.310) 
7,37 (0.290) 


7,11 (0.280 
6,22 (0.245) 5,08 (0.200) 1,78 emnnet f i 


1,27 (0.050) NOM sciny 


Glass 
0,51 (0.020) MIN a Sealant 


Seating 


ve wis >| |¢— 0,76 (0.030) MIN 
~ 8 Places 


0,36 (0.014) 
8 Places wt Taareues ; | | ' 0,58 (0.023) 
0,20 (0.008) 3,30 (0.130) MIN 
8 Places 038 0.018) ae 
aces 


1,6 (0.065) (see Notes B and C) 
0,4 (0.015) Pin Spacing 
4 Places 2,54 (0.100) T.P. 
(see Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane. 
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MECHANICAL DATA 


J014 
ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and lead frame. Hermetic 
sealing is accomplished with glass. The package is intended for insertion in mounting hole rows on 7,62 (0.300) 
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package in 
the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing when 
used in soldered assembly. 


Designation per JEDEC Std 30: 
GDIP-T14 


19,94 (0.785) 
19,18 (0.755) 


0,63 (0.025) R NOM 


7,87 (0.310) 
7,37 (0.290) 


7,11 (0.280) 
6,22 (0.245) 


1,27 (0.050) 
NOM 


0,51 (0.020) MIN : 


1,78 (0.070) MAX 14 Places 


BS Agee Glass 


5,08 (0.200) MAX Sealant 


105° 
90° + = 0,69 (0.027) MIN 
14 Places 14 Places 
3,30 (0.130) | 
0,36 (0.014) MIN a 0,58 (0.023) 
0,20 (0.008) 0,38 (0.015) 


14 Places 2,54 (0.100) 14 Places 
1,78 (0.070) (see Notes B & C) 


4 Places Pin Spacing 2,54 (0.100) T.P. 
(see Note A) 


Falls within JEDEC TO—116 and EIA MO—001AA dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to ‘8 least 0,51 (0.020) above seating plane. 


ag 
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MECHANICAL DATA 


ANAL A PGE TS RE 2M ES 9 SA DY IDO PE AR A ADT ORI AEDS Es LNT RE TIN RS DRE BSS SE MPEGS 5 i HS ER SESE 5S PON i SRST ARNE SON APES SN SE BETES 


J016, J018, JO20, and J022 
ceramic dual-in-line 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. These packages are intended for insertion in mounting-hole rows 
of 7,62 (0.300) centers for the JO16, JO18, JO020, and 10,16 (0.400) centers for the J022, respectively. Once the 
leads are compressed and inserted, sufficient tension is provided to secure the package in the board during 
soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing when used in solder 
assembly. 


J016, JO18, JO20, and J022 Designation per JEDEC Std 30: 
(22-pin package used for illustration) GDIP-T16 

GDIP-T18 

GDIP-T20 

GDIP-T22 


0,63 (0.025) 


0.51 (0.020) MIN 
>| 1,27 (0.050) NOM 


4 Glass 
3,30 (0.130) 5.08 200] Sealant 
MIN MAX 


22 Places 
cpl 0,36 (0014) 0.305 (0.012) MIN elle | | 0,76 (0.030) MIN : . te le Gesreate 3a 0: Ot5) 


pA eee 4 Places 18 Places 22 Places 
Pin Spacing (see Notes B & C) 


2,54 (0.100) T. P. 


(see Note A) 1,27 (0.050) 
0,38 (0.015) 


4 Places 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


a ee 
[| ewer [aac [area [arene | area |r 
a ES cd 
= [aera [ree [acer [eee 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the seating 


plane. 
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MECHANICAL DATA 


J024 
600-mil ceramic dual-in-line 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows of 
15,24 (0.600) centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or 
processing when used in solder assembly. 


32.8 (1.290 
31,3 (1.235) 


0.63 (0.025) R 


15,24 + 0,26 5,7 (0.225) 
(0.600 + 0.010) | 14,2 (0.560) 3,8 (0.150) 


13,1 (0.515) 1,91 (0.075) 
Bo See 1,27 (0.050) NOM 1,27 (0.050) 
| | 4 = @ ee 1,78 (0.070) MAX 24 Places 
7 1,78 (0.070) 
24 Places | 0,51 (0.020) 


Seating 
105° Plane 


90° 

24 Places 3 ae 0,51 (0.020) | a aon sen 

0,30 (0.012) 0, 0,81 (0.016) (0.016) —> + TEE C080 ; 

0,20 (0.008) 24 Places 0,71 (0.028)MIN 4 Places 

4 Plac 24 Places 
24 Places Pin Spacing 
2.54 (0.100) T.P. (see Notes B and C) 
(see Note A) 


Glass 
Sealant 


Falls Within JEDEC MO-015AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the seating 


plane. 


¥ 
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MECHANICAL DATA 


J028 
ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and lead frame. Hermetic 
sealing is accomplished with glass. The package is intended for insertion in mounting hole rows on 15,24 (0.600) 
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package in 
the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing when 
used in soldered assembly. 


Designation per JEDEC Std 30: 


GDIP-T8 
GDIP-T14 
GDIP-T16 


37,1 (1.460) MAX 


¢€ 0,63 (0.025) R 
15,49 (0.610) NOM 
14,99 (0.590) 

14,2 (0.560) 


13,1 (0.515) 1,78 (0.070) 


0,51 (0.020) Glass Sealant 


1,78 (0.070) MAX 28 Places 


+ 1,27 (0.050) NOM | 


yo 
5,7 (0.225) 
3,8 (0.150) | 


105° — Seating 
a Pl 
ma ane 


28 Places 
0,36 (0.014) ae 4,06 (0.160) 
0,20 (0.008) 3,17 (0,126) 
14 Places 28 Places 


2,54 (0.100) 
1,52 (0.060) 


os 0,71 (0.028) MIN 
28 Places 
0,51 (0.020) 
0,41 (0.016) 
28 Places 
(see Notes B and C) 


4 Places Pin Spacing 2,54 (0.100) T.P. 


| (see Note A) 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: D. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
E. This dimension does not apply for solder-dipped leads. 
F. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane. . 


¥ 
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MECHANICAL DATA 


JT024 and JT028 
ceramic dual-in-line 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. These packages are intended for insertion in mounting-hole rows 
of 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to secure 
the package in the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or 
processing when used in solder assembly. 


JT024 and JT028 
(24-pin package used for illustration) 


8,13 (0.320 
7,37 (8.290) 5,08 (0.200) MAX 


7,62 (0.300 0,38 (0.015) MIN 


1 


6,22 (0.245) 
1,27 (0.050) NOM 


3,30 (0.130) MIN 


1,78 (0.070) 24 Places 


0,76 (0.030) 
Glass 
Pot sel Sealant 


105° 
90° 


24 capa a 
0,36 (0.014) 
0,20 (0.008) 
24 Places 


0,76 (0.030) MIN 
24 Places 


2,54 (0.100) MAX 


0,58 (0.023) ie es 
0,38 (0.015) 
24 Places 
(see Notes B and C) 4 Places 


Pin Spacing 
2.54 (0.100) T.P. 
(see Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane. 
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MECHANICAL DATA 


U010 
ceramic flat package 


This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit bars are alloy mounted. 
Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used in 
soldered assembly. 


U010 Designation per JEDEC Std 30: 
GDFP-F10 


0,153 (0.006) 0,483 (0.019) 

0,076 (0.003) 0,381 (0.015) 
10 Leads 10 Leads ,27 (0.050) NOM 

(see Note A) 


8,89 (0.350) 
5,08 (0.200) 


25,4 (1.000) 
19,0 (0.750) 6,35 (0.250) 
5,97 (0.235) 
7,62 (0.300) Alternate 
(see Note B) Index Points 


2,03 (0.080) 
1,27 (0.050) 


8,89 (0.350) 
5,08 (0.200) 


1,27 (0.050) et 0,64 (0.025) 
0,13 (0.005) 0,00 (0.000) 
6,35 (0.250) —> 


Falls within JEDEC MO-004AA dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
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MECHANICAL DATA 


W014 
ceramic flat package 


This hermetically sealed flat package consists of an electrically nonconductive ceramic base and cap and alead 
frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when 
used in soldered assembly. 


W014 Designation per JEDEC Std 30: 
GDFP-F14 
0,152 (0.006) 0,483 (0.019) 


0,076 (0.003) 0,381 0,381 (0.015) r Hie 
14 14 Leads 1,27 (0.050) NOM 
ik en WE 12 Places 


(see Note A) 
8,00 (0.315) 
6,86 6,86 (0.270) 270) 
Base And 
Seating 
Plane . + 


7,0 (0.2 
aa gh (see Note C) 


21,84 (0.860) 6,73 (0.265) 


21,34 (0.840) 5,97 ee 


8,00 (0.315) 
6,86 (0.270) 


2,03 (0.080) 
1,27 (0.050) 


1,02 (0.040) 0,64 (0.025) 
0,51 (0.020) 8,89 (0.350) 0,25 (0.010) 


8,56 (0.337) 4 Places 


Fall within JEDEC MO-004AA dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 


B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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MECHANICAL DATA 


W016 
ceramic flat package 


This hermetically sealed flat package consists of an electrically nonconductive ceramic base and cap and alead 
frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when 
used in soldered assembly. 


W016 


0,152 (0.006) 0,483 0,483 (0.019) 019) 
0,076 0,076 (0.003) 003) 0,381 (0. — 
16 Leads ¢ ¥ 16 Leads > (*— 1,27 (0.050) NOM 


14 Places 


(see Note A) 
8,89 (0.350) 
7,87 FAT aio 310) 
Base And | 
Seating * ee: — 


Plane 


7,62 (0.300 
(see se 4 (see Note C) 


24,38 (0.960) 7,24 (0.285) 
23,88 (0.940) 6,27 (0.247) 


is Kn Eee , aay Soe SE , eater 
2,03 (0.080) 
1,27 (0.050) 
8,89 (0.350) 
7,87 (0.310) 


1,02 (0.040) 0,64 (0.025) 


0,25 (0.010) 


10,16 (0.400) 
9,42 (0.371) 42 (0.371) Sata ie 4 Places 


0,51 (0.020) 


Fall Within JEDEC MO-004AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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TI North 
Offices 


ALABAMA: Huntsville: (205) 837-7530 
ARIZONA: Phoenix: (602) 995-1007 


CALIFORNIA: Irvine: (714) 660-1200 
Roseville: (916) 786-9206 

San Diego: (619) 278-9600 

Santa Clara: (408) 980-9000 
Woodland Hills: (818) 704-8100 


COLORADO: Aurora: (303) 368-8000 
CONNECTICUT: Wallingford: (203) 269-0074 
FLORIDA: Altamonte Springs: (407) 260-2116 
Fort Lauderdale: (305) 973-8502 

Tampa: (813) 882-0017 

GEORGIA: Norcross: (404) 662-7900 
ILLINOIS: Arlington Heights: (708) 640-3000 


INDIANA: Carmel: (317) 573-6400 
Fort Wayne: (219) 482-3311 


IOWA: Cedar Rapids: (319) 395-9550 
KANSAS: Overland Park: (913) 451-4511 
MARYLAND: Columbia: (301) 964-2003 
MASSACHUSETTS: Waltham: (617) 895-9100 
MICHIGAN: Farmington Hills: (313) 553-1500 
MINNESOTA: Eden Prairie: (612) 828-9300 
MISSOURI: St. Louis: (314) 821-8400 

NEW JERSEY: Iselin: (201) 750-1050 

NEW MEXICO: Albuquerque: (505) 345-2555 


NEW YORK: East Syracuse: (315) 463-9291 
Fishkill: (914) 897-2900 

Melville: (516) 454-6600 

Pittsford: (716) 385-6770 


NORTH CAROLINA: Charlotte: (704) 527-0930 
Raleigh: (919) 876-2725 


OHIO: Beachwood: (216) 464-6100 
Beavercreek: (513) 427-6200 


OREGON: Beaverton: (503) 643-6758 
PENNSYLVANIA: Blue Bell: (215) 825-9500 
PUERTO RICO: Hato Rey: (809) 753-8700 


TEXAS: Austin: (512) 250-6769 
Dallas: (214) 917-1264 
Houston: (713) 778-6592 


UTAH: Salt Lake City: (801) 466-8973 
WASHINGTON: Redmond: (206) 881-3080 
WISCONSIN: Waukesha: (414) 798-1001 


CANADA: Nepean: (613) 726-1970 
Richmond Hill: (416) 884-9181 
St. Laurent: (514) 335-8392 


TI Regional 
Technology 
Centers 


CALIFORNIA: Irvine: (714) 660-8140 
Santa Clara: (408) 748-2220 


GEORGIA: Norcross: (404) 662-7950 
ILLINOIS: Arlington Heights: (708) 640-2909 
INDIANA: Indianapolis: (317) 573-6400 
MASSACHUSETTS: Waltham: (617) 895-9196 
MEXICO: Mexico City: 491-70834 
MINNESOTA: Minneapolis: (612) 828-9300 
TEXAS: Dallas: (214) 917-3881 
CANADA: Nepean: (613) 726-1970 


Customer 
Response Center 


TOLL FREE: (800) 336-5236 
OUTSIDE USA: (214) 995-6611 


©1992 Texas Instruments Incorporated 


TI Authorized 
American Sales |North American 
Distributors 


(8:00 a.m. — 5:00 p.m. CST) 


Alliance Electronics, Inc. (military product only) 
Almac/Arrow 
Anthem Electronics 
Arrow/Schweber 
Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 
Marshall Industries 
Newark Electronics 
Rochester Electronics, Inc. 
(obsolete product only (508) 462-9332) 
Wyle Laboratories 
Zeus Components 


TI Distributors 


ALABAMA: Arrow/Schweber (205) 837-6955; Hall-Mark 
(205) 837-8700; Marshall (205) 881-9235. 

ARIZONA: Anthem (602) 966-6600; Arrow/Schweber (602) 
437-0750; Hall-Mark (602) 431-0030; Marshall (602) 
496-0290; Wyle (602) 437-2088. 

CALIFORNIA: Los Angeles/Orange County: Anthem 
(818) 775-1333, (714) 768-4444; Arrow/Schweber (818) 
380-9686, (714) 838-5422; Hall-Mark (818) 773-4500, 
(714) 727-6000; Marshall (818) 878-7000, (714) 458-5301; 
Wyle (818) 880-9000, (714) 863-9953; Zeus (714) 
921-9000, (818) 889-3838; 

Sacramento: Anthem (916) 624-9744; Hall-Mark (916) 
624-9781; Marshall (916) 635-9700; Wyle (916) 638-5282; 
San ga Anthem (619) 453-9006; Arrow/Schweber 
(619) 565-4800; Hall-Mark (619) 268-1201; Marshall (619) 
578-9600; Wyle (619) 565-9171; Zeus (619) 277-9681. 
San Francisco Bay Area: Anthem (408) 453-1200; 
Arrow/Schweber (408) 441-9700, (408) 432-7171; 
Hall-Mark (408) 432-4000; Marshall (408) 942-4600; 

Wyle (408) 727-2500; Zeus (408) 629-4789. 

COLORADO: Anthem ay 790-4500; Arrow/Schweber 
(303) 799-0258; Hall-Mark (303) 790-1662; Marshall (303) 
451-8383; Wyle (303) 457-9953. 

CONNECTICUT: Anthem (203) 575-1575; Arrow/Schweber 
(203) 265-7741; Hall-Mark (203) 271-2844; Marshall (203) 
265-3822. 

FLORIDA: Fort Lauderdale: Arrow/Schweber (305) 
429-8200; Halll-Mark (305) 971-9280; Marshall (305) 
977-4880. 

Orlando: Arrow/Schweber (407) 333-9300; Hall-Mark (407) 
830-5855; Marshall (407) 767-8585; Zeus (407) 365-3000. 
Tampa: Hall-Mark (813) 541-7440; Marshall (813) 
573-1399, 

GEORGIA: Arrow/Schweber (404) 497-1300; Hall-Mark 
(404) 623-4400; Marshall (404) 923-5750. 

ILLINOIS: Anthem (708) 884-0200; Arrow/Schweber (708) 
250-0500; Hall-Mark (708) 860-3800; Marshall (312) 
490-0155; Newark (312)784-5100. 

INDIANA: Arrow/Schweber (317) 299-2071; Hall-Mark 
(317) 872-8875; Marshall (317) 297-0483. 

IOWA: Arrow/Schweber (319) 395-7230. 

KANSAS: Arrow/Schweber (913) 541-9542; Hall-Mark 
(913) 888-4747; Marshall (913) 492-3121. 

MARYLAND: Anthem (301) 995-6640; Arrow/Schweber 
(301) 596-7800; Hall-Mark (301) 988-9800; Marshall (301) 
622-1118; Zeus (301) 997-1118. 

MASSACHUSETTS: Anthem (508) 657-5170; 
Arrow/Schweber (508) 658-0900; Hall-Mark (508) 
667-0902; Marshall (508) 658-0810; Wyle (617) 272-7300; 
Zeus (617) 246-8200. 


I 
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MICHIGAN: Detroit: Arrow/Schweber (313) 462-2290; 
Hall-Mark (313) 462-1205; Marshall (313) 525-5850; 
Newark (313) 967-0600. 

MINNESOTA: Anthem (612) 944-5454; Arrow/Schweber 
(612) 941-5280; Hall-Mark (612) 941-2600; Marshall (612) 
559-2211. 

MISSOURI: Arrow/Schweber (314) 567-6888; Hall-Mark 
(314) 291-5350; Marshall (314) 291-4650. 

NEW JERSEY: Anthem (201) 227-7960; Arrow/Schweber 
(201) 227-7880, (609) 596-8000; Hall-Mark (201) 
515-3000, (609) 235-1900; Marshall (201) 882-0320), 
(609) 234-9100. 

NEW MEXICO: Alliance (505) 292-3360. 

NEW YORK: Long Island: Anthem (516) 864-6600; 
Arrow/Schweber (516) 231-1000; Hall-Mark (516) 
737-0600; Marshall (516) 273-2424; Zeus (914) 937-7400. 
Rochester: Arrow/Schweber (716) 427-0300; Hall-Mark 
(716) 425-3300; Marshall (716) 235-7620. 

Syracuse: Marshall (607) 785-2345. 

NORTH CAROLINA: Arrow/Schweber (919) 876-3132; 
Hall-Mark (919) 872-0712; Marshall (919) 878-9882. 
OHIO: Cleveland: Arrow/Schweber (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788. 
Columbus: Hall-Mark (614) 888-3313. 

Dayton: Arrow/Schweber (513) 435-5563; Marshall (513) 
898-4480; Zeus (513) 293-6162. 

OKLAHOMA: Arrow/Schweber (918) 252-7537; Hall-Mark 
(918) 254-6110. 

OREGON: Almac/Arrow (503) 629-8090; Anthem (503) 
643-1114; Marshall (503) 644-5050; Wyle (503) 643-7900. 
PENNSYLVANIA: Anthem (215) 443-5150; 
Arrow/Schweber (215) 928-1800; GRS (215) 922-7037; 
(609) 964-8560; Marshall (412) 788-0441. 

TEXAS: Austin: Arrow/Schweber oe 835-4180; 
Hall-Mark (512) 258-8848; Marshall (512) 837-1991; Wyle 
(512) 345-8853; 

Dallas: Anthem (214) 238-7100; Arrow/Schweber (214) 
380-6464; Hall-Mark (214) 553-4300; Marshall (214) 
233-5200; Wyle (214) 235-9953; Zeus (214) 783-7010; 
Houston: Arrow/Schweber (713) 530-4700; Hall-Mark 
(713) 781-6100; Marshall (713) 895-9200; Wyle (713) 
879-9953. : 

UTAH: Anthem ay) 973-8555; Arrow/Schweber (801) 
973-6913; Marshall (801) 973-2288; Wyle (801) 974-9953. 
WASHINGTON: Almac/Arrow (206) 643-9992, (509) 
924-9500; Anthem (206) 483-1700; Marshall (206) 
486-5747; Wyle (206) 881-1150. 

WISCONSIN: Arrow/Schweber (414) 792-0150; Hall-Mark 
(414) 797-7844; Marshall (414) 797-8400. 

CANADA: Calgary: Future (403) 235-5325; 

Edmonton: Future (403) 438-2858; 

Montreal: Arrow/Schweber (514) 421-7411; Future (514) 
694-7710; Marshall (514) 694-8142 


Ottawa: Arrow/Schweber (613) 226-6903; 
Future (613) 820-8313. 

Toronto: Arrow/Schweber (416) 670-7769; 
Future (416) 612-9200; Marshall (416)458-8046. 


Vancouver: Arrow/Schweber (604) 421-2333; 
Future (604) 294-1166. 


TI Die Processors 


(407) 298-7100 
(818) 768-7400 
(512) 834-2022 


Chip Supply 
Elmo Semiconductor 
Minco Technology Labs 


TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 4960 Corporate Drive, 
Suite N-150, Huntsville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix: 8825 N. 23rd Avenue, Suite 100, 
Phoenix, AZ 85021, (602) 995-1007. 


CALIFORNIA: Irvine: 1920 Main Street, Suite 900, 

Irvine, CA 92714, (714) 660-1200; Roseville: 1 Sierra Gate 
Plaza, Suite 255B,Roseville, CA 95678, (916) 786-9206; 
San Diego: 5625 Ruffin Road, Suite 100, San Diego, CA 
92123, (619) 278-9600; Santa Clara: 5353 Betsy Ross 
Drive, Santa Clara, CA 95054, (408) 980-9000; Woodland 
Hills: 21550 Oxnard Street, Suite 700, Woodland Hills, 

CA 91367, (818) 704-8100. 


COLORADO: Aurora: 1400 S. Potomac Street, Suite 101, 
Aurora, CO 80012, (303) 368-8000. 


CONNECTICUT: Wallingford: 9 Barnes Industrial Park 
So., Wallingford, CT 06492, (203) 269-0074. 


FLORIDA: Altamonte Springs: 370 S. North Lake 

Boulevard, Suite 1008, Altamonte Springs, FL 32701, 
407) 260-2116; Fort Lauderdale: 2950 N.W. 62nd Street, 
uite 100, Fort Lauderdale, FL 33309, 

(305) 973-8502; Tampa: 4803 George Road, Suite 390, 

Tampa, FL 33634-6234, (813) 882-0017. 


GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900. 


ILLINOIS: Arlington Heights: 515 W. Algonquin, 
Arlington Heights, IL 60005, (708) 640-3000. 


INDIANA: Carmel: 550 Congressional Drive, Suite 100, 
Carmel, IN 46032, (317) 573-6400; Fort Wayne: 118 E. 
Ludwig Road, Suite 102, Fort Wayne, IN 46825, (219) 
482-3311. 


!1OWA: Cedar Rapids: 373 Collins Road N.E., Suite 201, 
Cedar Rapids, 1A 52402, (319) 395-9550. 


KANSAS: Overland Park: 7300 College Boulevard, 
Lighton Plaza, Suite 150, Overland Park, KS 66210, 
(913) 451-4511. 


MARYLAND: Columbia: 8815 Centre Park Drive, 
Suite 100, Columbia, MD 21045, (301) 964-2003. 


MASSACHUSETTS: Waltham: 950 Winter Street, 
Suite 2800, Waltham, MA 02154, (617) 895-9100. 


MICHIGAN: Farmington Hills: 33737 W. 12 Mile Road, 
Farmington Hills, MI 48331, (313) 553-1500. 


MINNESOTA: Eden Prairie: 11000 W. 78th Street, 
Suite 100, Eden Prairie, MN 55344, (612) 828-9300. 


MISSOURI: St. Louis: 12412 Powerscourt Drive, 
Suite 125, St. Louis, MO 63131, (314) 821-8400. 


NEW JERSEY: Iselin: Parkway Towers, 
485 E. Route 1 South, Iselin, NJ 08830, (201) 750-1050. 


NEW MEXICO: Albuquerque: 2709 Pan American 
Freeway, N.E., Albuquerque, NM 87107, (505) 345-2555. 


NEW YORK: East Syracuse: 6365 Collamer Drive, 

East Syracuse, NY 13057, (315) 463-9291; 

Fishkill: 300 Westage Business Center, Suite 140, Fishkill, 
NY 12524, (914) 897-2900; Melville: 1895 Walt Whitman 
Road, Melville, NY 11747, (516) 454-6600; Pittsford: 
2851 Clover Street, Pittsford, NY 14534, (716) 385-6770. 


NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Suite 100, Charlotte, NC 28217, (704) 527-0930; 
Raleigh: 2809 Highwoods Boulevard, Suite 100, 
Raleigh, NC 27625, (919) 876-2725. 


OHIO: Beachwood: 23775 Commerce Park Road, 
Beachwood, OH 44122, (216) 464-6100; 
Beavercreek: 4200 Colonel Glenn Highway, Suite 600, 
Beavercreek, OH 45431, (513) 427-6200. 


OREGON: Beaverton: 6700 S.W. 105th Street, 
Suite 110, Beaverton, OR 97005, (503) 643-6758. 


PENNSYLVANIA: Blue Bell: 670 Sentry Parkway, Blue 
Bell, PA 19422, (215) 825-9500. 


PUERTO RICO: Hato Rey: 615 Mercantile Plaza Building, 
Suite 505, Hato Rey, PR 00918, (809) 753-8700. 


TEXAS: Austin: 12501 Research Boulevard, 

Austin, TX 78759, (512) 250-6769; Dallas: 7839 Churchill 
Way, Dallas, TX 75251, (214) 917-1264; Houston: 

9301 Southwest Freeway, Suite 360, Houston, TX 77074, 
(713) 778-6592. 


UTAH: Salt Lake City: 1800 S. West Temple Street, 
Suite 201, Salt Lake City, UT 84115, (801) 466-8973. 


WASHINGTON: Redmond: 5010 148th Avenue N.E., 
Building B, Suite 107, Redmond, WA 98052, 
(206) 881-3080. 


WISCONSIN: Waukesha: 20825 Swenson Drive, 
Suite 900, Waukesha WI 53186, (414) 798-1001. 


CANADA: Nepean: 301 Moodie Drive, Mallom Center, 
Suite 102, Nepean, Ontario, Canada K2H 9C4, (613) 
726-1970; Richmond Hill: 280 Centre Street 

East, Richmond Hill, Ontario, Canada L4C 1B1, (416) 
884-9181; St. Laurent: 9460 Trans Canada Highway, 

St. Laurent, Quebec, Canada H4S 1R7, (514) 335-8392. 
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AUSTRALIA (& NEW ZEALAND): Texas 
Instruments Australia Ltd., 6-10 Talavera Road, 
North Ryde (Sydney), New South Wales, Australia 
2113, 2-878-9000; 14th Floor, 380 Street, Kilda 
Road, Melbourne, Victoria, Australia 3004, 
3-696-1211; 171 Philip Highway, Elizabeth, South 
Australia 5112, 8 255-2066. 
BELGIUM: S.A. Texas Instruments Belgium N.V., 
11, Avenue Jules Bordetlaan 11, 1140 Brussels, 
Belgium, 
(02) 242 30 80. 
BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda., Av. Eng. Luiz Carlos Berrini, 1461-110 andar 
Pinheiros, 04571 Sao Paulo SP, Brazil, 
11-535-5133. 
DENMARK: Texas Instruments A/S, Borupvang 
2D, DK-2750 Ballterup, Denmark, (45) 44687400. 
FINLAND: Texas Instruments OY, P.O. Box 86, 
02321 Espoo, Finland, (0) 802 6517. 
FRANCE: Texas Instruments France, 8-10 Avenue 
Morane Saulnier-B.P. 67, 78141 Velizy Villacoublay cedex, 
France, (1) 30 70 10 03. 
GERMANY: Texas Instruments Deutschland GmbH., 
Haggertystrasse 1, 8050 devery (08161) 80-0 od, Nbst; 
Kurfurstendamm 195-196, 1000 Berlin 15, (030) 8 82 73 
65; Dusseldorfer Strasse 40, 6236 Eschborn 1, (06196) 80 
70; Kirchhorster Strasse 2, 3000 Hannover 51, (0511) 64 
68-0; Maybachstrasse II, 7302 Ostfildem 2 (Nellingen), 
0711) 3403257; Gildehofcenter, Hollestrasse 3, 4300 
ssen 1, (0201) 24 25-0. 
HOLLAND: Texas Instruments Holland B.V., Hogehilweg 


19, Postbus 12995, 1100 AZ Amsterdam-Zuidoost, Holland, 


(020) 5602911. 
HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Center, 7 Canton Road, Kowloon, 
Hong Kong, 7351223. 
HUNGARY: Texas Instruments International, Budaorsi 
u.42, H-1112 Budapest, Hungary, (1) 1 66 66 17. 
IRELAND: Texas Instruments Ireland Ltd., 7/8 Harcourt 
Street, Dublin 2, Ireland, (01) 481677. 
ITALY: Texas Instruments Italia S.p.A., Centro Direzionale 
Colleoni, Palazzo Perseo-Via Paracelso 12, 20041, Agrate 
Brianza (Mi), (039) 63221; Via Castello della Magliana, 38, 
00148 Rome, Italy (06) 6572651; Via Amendola, 17, 40100 
Bologna, Italy (051) 554004. 
JAPAN: Texas Instruments Japan Ltd., Aoyama Fuji 
Building 3-6-12 Kita-Aoyama Minato-ku, Tokyo, pel 107, 
03-3498-2111; MS Shibaura Building 9F, 4-13-23 Shibaura, 
Minato-ku, Tokyo, Japan 108, 03-3769-8700; Nissho-lwai 
Building 5F, 2-5-8 Imabashi, Chuou-ku, Osaka, Japan 541, 
06-204-1881; Dai-ni Toyota Building Nishi-kan 7F, 4-10-27 
Meieki, Nakamura-ku, Nagoya, Japan 450, 052-583-8691; 
Kanazawa Oyama-cho Daiichi Seimei Building 6F, 3-10 
Oyama-cho, Kanazawa, Ishikawa, Japan 920, 
0762-23-5471; Matsumoto Showa Building 6F, 1-2-11 
Fukashi, Matsumoto, Nagano, Japan 390, 0263-33-1060; 
Daiichi Olympic Tachikawa Building 6F, 1-25-12, 
Akebono-cho, Tachikawa, Tokyo, Japan 190, 
0425-27-6760; Yokohama Business Park East Tower 10F, 
134 Gondo-cho, Hodogaya-ku, Yokohoma, Kanagawa 240, 
Japan, 045-338-1220; Nihon Seimei Kyoto Yasaka 
Building 5F, 843-2, Higashi Shiokohjicho, Higashi-iru, 
Nishinotoh-in, Shiokohji-dori, Shimogyo-ku, Kyoto, Japan 
600, 075-341-7713; Sumitomo Seimei Kumagaya Building 
8F, 2-44 Yayoi, Kumagaya, Saitama, Japan 360, 
0485-22-2440; 2597-1, Aza Harudai, Oaza Yasaka, Kitsuki, 
Oita, Japan 873, 09786-3-3211. 
KOREA: Texas Instruments Korea Ltd., 28th Floor, Trade 
Tower, 159-1, Samsung-Dong, Kangnam-ku Seoul, Korea, 
2 551 2800. 
MALAYSIA: Texas Instruments Malaysia, Sdn. Bhd., Asia 
Pacific, Lot 36.1 #Box 93, Menara Maybank, 100 Jalan Tun 
Perak, 50050 Kuala Lumpur, Malaysia, 2306001. 
MEXICO: Texas Instruments de Mexico S.A. de C.V. 
Alfonso Reyes 115, Col. Hipodromo Condesa, Mexico, 
D.F., 06170, 5-515-6081. 
NORWAY: Texas Instruments Norge A/S, PB 106, 
Refstad (Sinsenveien 53), 0513 Oslo 5, Norway, (02) 
155090. 
PEOPLE’S REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office, 7-05 CITIC 
Building, 19 Jianguomenwai Dajje, Beijing, China, 
500-2255, Ext. 3750. 
PHILIPPINES: Texas Instruments Asia Ltd., Philippines 
Branch, 14th Floor, Ba-Lepanto et: Paseo de Roxas, 
Makati, Metro Manila, Philippines, 2-8176031. 
PORTUGAL: Texas Instruments Equipamento Electronico 
frorugel) LDA., 2650 Moreira Da Maia, 4470 Maia, 
ortugal (2) 948 1003. 
SINGAPORE (& INDIA, INDONESIA, THAILAND): Texas 
Instruments Singapore (PTE) Ltd., Asia Pacific Division, 
101 Thomson Road, #23-01, United Square, Singapore 
1130, 3508100. 
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SPAIN: Texas Instruments Espana S.A., c/Gobelas 43, 
Ctra de la Coruna km 14, La Florida, 28023 

Madrid, Spain, (1) 372 8051; c/Diputacion, 279-3-5, 08007 
Barcelona, Spain, (3) 317 91 80. 


SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen), Box 30, S-164 93 Kista, 
Sweden, (08) 752 58 00. 


SWITZERLAND: Texas Instruments Switzerland AG, 
Riedstrasse 6, CH-8953 Dietikon, Switzerland, 
(01) 74 42 811. 


TAIWAN: Texas Instruments Taiwan Limited, Taipei 
Branch, 10th Floor Bank Tower, No. 205, Tung Hwa N. 
Road, Taipei, Taiwan, Republic of China, 2 7139311. 


UNITED KINGDOM: Texas Instruments Ltd., Manton 
Lane, Bedford, England, MK41 7PA, (0234) 270 111. 
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Technology Centers 


NORTH AMERICA 


ATLANTA: Texas Instruments Incorporated, 5515 Spalding 
Drive, Norcross, GA 30092, (404) 662-7950. 


BOSTON: Texas Instruments Incorporated, 950 Winter 
Street, Bay Colony Corp. Center, Suite 2800, Waltham, MA 
02154, (617) 895-9196. 


CHICAGO: Texas Instruments Incorporated, 
515 W. Algonquin Road, Arlington Heights, IL 60005, 
(708) 640-2909. 


DALLAS: Texas Instruments Incorporated, 7839 Churchill 
Way, Park Central South, MS 3984, P.O. Box 650311, 
Dallas, TX 75251, (214) 917-3881. 


INDIANAPOLIS: Texas Instruments Incorporated, 550 
Congressional Bivd., Suite 100, Carmel, IN 46032, 
(317) 573-6400. 


IRVINE: Texas Instruments Incorporated, 1920 Main St. 
Suite 900, Irvine, CA 92714, (714) 660-8140. 


MEXICO CITY: Texas Instruments de Mexico, S.A. de C.V., 
Alfonso Reyes 115, Col. Hipodromo Condesa Chg Mexico, 
D.F., 06170, 5-515-6081. 


MINNEAPOLIS: Texas Instruments Incorporated, 11000 W. 
78th Street, Suite 100, Eden Prairie, MN 55344, 
(612) 828-9300. 


OTTAWA: Texas Instruments Incorporated, 301 Moodie 
Drive, Suite 102, Nepean, Ontario, Canada K2H 9C4, 
(613) 726-1970. 


SANTA CLARA: Texas Instruments Incorporated, 


. 5353 Betsy Ross Drive, Santa Clara, CA 95054, 


(408) 748-2220. 


ASIA 

HONG KONG: Texas Instruments Asia Ltd., 8th floor, 
World Shipping Center, 7 Canton Road, Kowloon, 
Hong Kong, 3-7221223. 


KOREA: Texas Instruments Supply Company, Korea 
Branch, 28th floor, Trade Tower, 159-1, Samsung-Dong, 
Kangnam-Ku, 2-552-8000. 


SINGAPORE: Texas Instruments Singapore (PTE) Ltd., 
Asia Pacific Division, 101 Thompson Road, #23-01, United 
Square, Singapore 1130, 251-9818. 


TAIPEI: Texas Instruments Taiwan Ltd., Taiwan Branch, 9th 
floor, Bank Tower, 205 Tun Hua N. Road, Taipei, Taiwan 
10592, Republic of China, 2-7139311. 


TOKYO: Texas Instruments Japan Ltd., MS Shibaura 
Building 9F, 4-13-23 Shibaura, Minato-ku, Tokyo, Japan 
108, 03-3769-8700. 


EUROPE 
BEDFORD: Texas Instruments Ltd., Manton Lane, 
Bedford, England MK41 7PA, (0234) 270 111. 


FREISING: Texas Instruments Deutschland GmbH., 
Haggertystrasse 1, 8050 Freising, Federal Republic of 
Germany, (08161) 80 40 43. 


HANNOVER: Texas Instruments Deutschland GmbH., 
Kirchhorster Strasse 2, 3000 Hannover 51, Federal 
Republic of Germany, (0511) 64 80 21. 


MILAN: Texas Instruments Italia, S.p.A., Centro 
Direzionale Colleoni, Palazzo Perseo, Via Paracelso 12, 
20041, Agrate Brianza (Mi), Italy (039)-63221. 


SWEDEN: Texas Instruments International Trade 
Corporation, Box 30, S-164 93 Kista, Isafjordsgatan 7, 
Sweden, (08) 752 58 00. 


VELIZY (Paris): Texas Instruments France, 8-10 Avenue 
Morane Saulnier, Borte Postale 67, 78141 
Velizy-Villcoublay cedex, France, (1) 30 70 10 03. 


AUSTRALIA 

NEW SOUTH WALES: Texas Instruments Australia Ltd., 
6-10 Talavera Road, North Ryde, New South Wales, 
Australia 2113, 2-878-9000. 

SOUTH AMERICA 

SAO PAULO: Texas Instruments Electronicos do Brasil 


Ltda., Av. Eng. Luiz Carlos Berrini, 1461-110 andar, 04571, 
Sao Paulo, SP, Brazil, 11-535-5133. 
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